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Abstract

A line of work in planning uses LLM not to
generate a plan, but to generate a formal repre-
sentation in some planning language, which can
be input into a symbolic solver to deterministi-
cally find a plan. While showing improved trust
and promising performance, dozens of recent
publications have proposed scattered methods
on a variety of benchmarks under different ex-
perimental settings. We attempt to unify the
inference-time LLM-as-formalizer methodol-
ogy for classical planning by proposing a uni-
fying organizational framework based on in-
termediate representations. We thus system-
atically evaluate more than a dozen pipelines
that subsume most existing work, while propos-
ing novel ones that involve syntactically sim-
ilar but high resource intermediate languages
(such as a Python wrapper of PDDL). We pro-
vide recipes for planning language generation
pipelines, draw a series of conclusions show-
ing the efficacy of their various components,
and evidence their robustness against problem
complexity.!

1 Introduction

Large language models (LLMs) have been exten-
sively applied to classical planning, an important
step for complex problem solving in artificial in-
telligence. Given a textual description of the do-
main and problem of an environment, LLMs of-
ten directly generate a sequence of actions in an
end-to-end manner (Wei et al., 2025). Despite
much better domain adaptation ability than sym-
bolic methods, the LLM-as-planner methodology
is not verifiable and interpretable by nature, in
addition to underperforming complex problems
(Valmeekam et al., 2023a). Alternatively, a re-
cent line of work re-imagines the role of LLMs
not to generate the plan, but to generate a formal

'Our code and data are at https://github.com/
prakashkagitha/llm-pddl-gen.

program in languages such as the Planning Do-
main Definition Language (PDDL). Such a pro-
gram is input into a formal solver to deterministi-
cally search for a plan (Tantakoun et al., 2025).
The LLM-as-formalizer methodology (Figure 1)
has been widely advocated in literature due to its re-
portedly better performance and formal guarantees
compared to LLM-as-planner (Liu et al., 2023).
However, the success of LLM-as-formalizer in pre-
vious work has primarily been tied to closed-source
LLMs that are likely huge in terms of parameters
and esoteric in terms of engineering. In contrast,
preliminary experiments on open-source, smaller
LLMs have been shown to exhibit much lower
performance (Huang and Zhang, 2025), severely
hindering the accessibility and democratization of
LLM-assisted planning. Moreover, most if not all
past work has employed unsystematic designs of
pipelines of piecemeal techniques, hence the direc-
tion of improvement remains unclear.

In this work, we attempt to unify the
LLM-as-formalizer methodology for classical plan-
ning. We first propose an organizational framework
based on the number and interplay of intermediate
representations (IR). We focus on inference-time
techniques for PDDL generation, where test-time
computation, rather than training, drives perfor-
mance. LLMs can translate natural language spec-
ifications into formal models, but a single genera-
tion is fragile: small syntactic or semantic errors
can invalidate the entire plan. Multi-stage infer-
ence pipelines mitigate this brittleness by structur-
ing generation into verifiable steps (e.g., planning
language generation, solver execution, validation,
and revision), effectively trading extra compute for
reliability.

This framework subsumes most if not all prior
work on planning language generation while open-
ing new paths for experimentation. Concretely, we
propose the use of a high-resource but syntactically
similar IR, namely a Python wrapper of PDDL, to
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Figure 1: An illustration of using LLM as a planner or a formalizer in classical planning. While LLM-as-planner
generates a plan directly, LLM-as-formalizer formalizes a PDDL domain file and problem which evoke a solver to
find a plan. The plan is evaluated against ground-truth PDDL that simulates the environment.

achieve competitive performance. We systemat-
ically instantiate and evaluate pipelines that sub-
sume most prior work and validate the challenge
for open-source, mid-sized LLMs no more than
32B parameters. On 4 standard benchmarks (IPC,
1998), we show that IR and revision by solver
feedback are the keys ingredients of a success-
ful LLM-as-formalizer pipeline, which consistently
outperforms LLM-as-formalizer especially when
the problem complexity increases. Even so, other
intuitive methods such as constrained decoding by
grammar or a natural language IR resembling chain-
of-thought do not improve performance over end-
to-end PDDL generation. We pose this work as
a building block to greatly accelerate progress in
LLM-as-formalizer and planning.

2 Task Formulation

We will first formally define the classical planning
task in line with established literature of STRIPS
(Fikes and Nilsson, 1971) and recent conventions in
the natural language processing community (Huang
and Zhang, 2025), before introducing our frame-
work for LLM-as-formalizer.

Formally, the input I of a classical planning task
consists of a triplet (Dy, Dy, DF(), where:

1. Dy is a textual description of the domain, speci-
fying the types (the type system for entities e),
predicates (in relation to the types), and actions
A including pre-conditions and effects (parame-
terized by conjunctive logical formulas over the
the predicates).

2. D, is a textual description of the problem, spec-
ifying the objects, initial states and goal states
in terms of predicates;

3. D]-'é is the header of the ground-truth PDDL do-

main file DFg that only provides the names and

parameters of the actions. This is required so

that the eventual plan is grounded to an existing
ontology and can be evaluated fairly.

The final objective is a plan L
[a1(€1),...,am(En)], where each a; € A is
an action provided by DF/, and each ¢; is a
tuple of grounded entities corresponding to the
parameters of a;. The plan L, when executed in
the environment expressed by a ground-truth D Fg
and PFg, must (i) be executable, fulfilling the
pre-conditions of each action, and (ii) constitutes
a successful transition from the initial states and
goal states.

The domain file DF is defined by three main
components: types (1), predicates ([2), and action
semantics (am,, Gp, Ge):

1. Types: T' = t1,...,t, is the set of entity types
present in the environment.

2. Predicates: R = ry,...,7, is the set of rela-
tional predicates, each in the form of r(£), where

t is a tuple of types that participate in relation 7.
3. Action semantics: given an action a € A, an,,

ap and a. are its parameters, pre-conditions
and effects. The parameters a,, are a set of
types ¢ that participate in this action. The pre-
conditions a,, are a set of predicates 7 that must
hold true for this action to be executed. The
effects a. are a set of new predicates 7 of which
the new state takes the value after the execution
of this action.

The problem file PF is defined by three main
components: objects (F), the initial state (sg), and
the goal state (¢goa1):

1. Objects: E = ey,...,ey is the set of named
entities present in the environment. Each object
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is an instance of an entity type defined in D]—'é.
2. Initial State: sy € S is a set of relational facts

of the form r(e), where r € R is a relational

predicate defined in D; e is a tuple of entities

from E that participate in relation 7.

3. Goal State: tgoa1 : & — B is a boolean
formula over relational facts, where S is the
state space and B = {True, False}. When
goa1(s*) = True, state s* achieves the prob-
lem goal.

Here, the state space S comprises all possible
configurations of relational facts over the object
set F with the predicates R. Each state s € S is
a set of instantiated facts r(¢), describing which
relations hold among the objects. Successfully ex-
ecuting a plan L from the initial state sg yields a
sequence of intermediate states s1, sa, ..., s* such
that the goal formula 14,41 (s*) evaluates to True.

While an end-to-end LLM-as-planner pipeline
maps the input triplet I directly to a plan L, in this
work we focus on LLM-as-formalizer pipelines
which instead generate the domain file DFp and
‘P Fp before inputting them into a PDDL solver to
search for a plan.

3 Framework and Related Work

We propose a organizational framework for LLM-
based classical planning revolving around levels of
intermediate representations (IR), where the num-
bering of levels corresponds to the number of IRs
involved.

e Level0: I — L

e Level 1: I — PDDL~ L

e Level 2: I - IR — PDDL ~» L

* Level3: I - IR — IR — PDDL ~ L

* Level4: ...

Level 0 is essentially LLM-as-planner, mapping
the input [ to the plan L. While it is possible to
involve IR in this level as a chain-of-thought, we do
not discuss it as our focus is on LLM-as-formalizer
represented by the other levels, where PDDL is
always the final IR before the plan. We can thus
increase the level of complexity of a pipeline with
more IRs. To instantiate a pipeline with the formu-
lation above, we will first discuss the choice of IRs
before the choice of modules.

Choice of IR IRs used in past work include:

1. A natural language, where the LLM converts
the input description into a free-form representa-
tion that facilitate later PDDL generation. This
representation can range from loose sentences

(Zhang et al., 2024; Hu et al., 2025) to a semi-
formal data structure (Wong et al., 2024; Hao
et al., 2025), but in any case cannot be executed
by an external solver. Such a conversion can in-
volve information extraction, chain-of-thought,
or summarization.

2. Another PDDL, where the module that takes
one PDDL as input and outputs another is a
revision module discussed in details below.

We will show in later discussions that neither of
these two IRs are sufficiently effective for open-
source, mid-size LLMs generating PDDL,, as one
is too distant from the generation target while
PDDL itself is too low-resource. We draw inspira-
tion from related work in program synthesis that
suggests high-resource languages (Cassano et al.,
2024; Zhang et al., 2025) may be effect IRs for
generating low-resource languages like PDDL. We
also note from previous work that the rigid and par-
ticular syntax of PDDL calls for a syntax alignment
with an IR. Based on these criteria, we additionally
propose two fully formal IRs:

3. Python simulator, where the LLM is instructed
to generate a Python code that simulates the
domain and the problem. We place minimal
requirement on the structure of the code to
leverage the coding ability of high-resource pro-
gramming languages. We require the generated
Python code to be directly executable to return
a plan, though in this work treat it as an IR that
we transpile to PDDL to take advantage of the
optimized planners.

4. PyPDDL, where the LLM is instructed to gener-
ate Python code in a specific wrapper for PDDL
referred to as PyPDDL?. The documentation for
PyPDDL is provided in the prompt along with
a domain-agnostic example. While the library
does not provide a solver, implementing one is
feasible as the language is fully formal. Even
so, in this work we again transpile the PyPDDL
code to PDDL either deterministically with tools
from the library or with an LLM.

Examples of IRs are shown in Appendix F.

Choice of Modules [ — L: In general plan-
ning tasks, there exists much prior work of
LLM-as-planner that generates plans in an end-to-
end manner (Valmeekam et al., 2023a,b, 2025).
This line of work commonly involves LLM agents.
Common techniques include reasoning before plan-
ning (Yao et al., 2023), task decomposition (Prasad

thtps ://github.com/remykarem/Py2PDDL
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et al., 2024), reflection after planning (Majumder
et al., 2024), continuous learning (Wang et al.,
2024), and so on. As a complete survey exists (Wei
et al., 2025), we do not dive into more discussions.

I — PDDL: In PDDL-based classical plan-
ning, most existing work of LLM-as-formalizer
generates various parts of the PDDL without in-
volving additional IR. The generation target in-
cludes the goal states (Xie et al., 2023), problem
file (Liu et al., 2023; Zuo et al., 2025), action
semantics (Zhang et al., 2024; Zhu et al., 2025;
Hu et al., 2025), domain file (Guan et al., 2023;
Wong et al., 2024), and complete PDDL (Huang
and Zhang, 2025; Gong et al., 2025) like us. Fol-
lowing cited work, we do not consider methods
that require supervised training due to the extreme
low-resource nature of PDDL. Common inference
techniques include basic few-shot prompting (e.g.,
Xie et al. (2023)), where the LLM is prompted via
in-context learning with some exemplars to trans-
late the natural language D4 and/or D,, into PDDL
DF and/or PF. We do this by default with a
prompt that introduces the basic structure of PDDL
with a domain-agnostic example. Other techniques
include sequential generation (e.g., Gong et al.
(2025)), where the LLM generates DJF and/or PF
sequentially instead of at once with distinctive
prompts, or retrieval of documentation (e.g., Wang
and Zhang (2025)), where the LLM retrieves the
documentation of the PDDL language along with
examples before generation. We consider those
contemporaneous techniques out of scope.

PDDL ~» L: All cited work above use a sym-
bolic PDDL solver such as Fast Downward planner
(Helmert, 2006), as do we. Another strand of work
has used LLMs in lieu of such solvers to take PDDL
as input and outputs a plan (Stein et al., 2025), or to
generate programs that emulate such solvers (Silver
et al., 2024; Chen et al., 2025).

PDDL —* PDDL: This represents a revision
module, where the LLM first generates an initial
PDDL, before revising it multiple times (—*). In
conjunction with the PDDL solver, the validity of
the predicted PDDL along with syntax error mes-
sages are typically provided to the LLM for re-
generation, denoted as —FB (Zhu et al., 2025; Hu
et al., 2025). It is also possible to revise PDDL
solely based on LLMs’ own feedback without in-
voking the solver.

IR —* IR: A generated IR can also be revised
similarly. However, not all IRs can work with a
formal solver, so we rely on the LLM to optionally

revise them without indication if their correctness.
IR — PDDL: Overall, higher-order chaining of
general purpose IRs (e.g., natural language, JSON)
has proven effective for non-PDDL planning lan-
guage generation (Wong et al., 2024; Hao et al.,
2025). In our work, we specifically propose IRs
with high syntax alignment with PDDL. To tran-
spile an IR to PDDL, we rely on either (i) a de-
terministic rule-based transpiler or (ii) an LLM.
We default to the latter following cited work and
discuss the former in a later ablation study.

Non-PDDL Planning Languages Even in plan-
ning, LL.M-as-formalizer is a general methodology
that can be instantiated with many planning lan-
guages other than PDDL, including satisfiability
modulo theories (SMT) (Guo et al., 2024; Hao
et al., 2025), linear temporal logic (LTL) (Yang
et al., 2023; Li et al., 2024), Answer Set Program-
ming (Lin et al., 2024), action languages (AL)
(Ishay and Lee, 2025), and so on. While our work is
largely applicable to any planning language (except
for IRs requiring affinity to a particular language),
we only study PDDL which is widely used in lit-
erature and also the language that underlies many
classical planning benchmarks.

4 Experimental Setup

Datasets. We consider 4 simulated planning envi-
ronments highly common in cited literature. First,
we have BlocksWorld, Logistics, and Sokoban
from the International Planning Competition (IPC,
1998). These domains represent object manip-
ulation and range from 4 actions to 12 actions.
We use the moderately templated version of the
datasets from Huang and Zhang (2025). Next, we
have CoinCollector (Yuan et al., 2019), a partially
observable navigation domain, which convert to
be fully observable just as the other three. The
dataset of each environment comes with 100 tu-
ples of domain description, problem description,
ground-truth domain and problem files. Exam-
ples are shown in Appendix E. While we focus
on Moderately-Templated descriptions as in prior
work (Huang and Zhang, 2025), we also experi-
ment with Natural descriptions for key pipelines,
two models, and two domains with results in Ap-
pendix A that aligns with our overal conclusions in
this work.

Metrics. We use syntactic and semantic accu-
racy to assess the generated PDDL. Syntactic ac-
curacy is the percentage where no syntax error
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Lv. Input 1stIR 2nd IR 3rd IR Output Description Example work
0 I — L LLM-as-planner (¢) End-to-end LLM-as-planner (Valmeekam
et al., 2023a,b, 2025);
1 I — PDDL ~» L PDDL-base: directly generating PDDL. LLM-as-formalizer generates PDDL parts:
goals (Xie et al., 2023), problem (Liu
et al., 2023; Zuo et al., 2025), action
semantics (Zhang et al., 2024; Zhu et al.,
2025; Hu et al., 2025), domain (Guan
et al., 2023; Wong et al., 2024), complete
PDDL (Huang and Zhang, 2025; Gong
et al., 2025).
I — NL — PDDL ~» L Generating an NL description of the NL IR used in Silver et al. (2024) and
2 actions and entity states before PDDL in Ishay and Lee (2025) for non-PDDL
planning language generation.
I — PyPDDL — | ~ PDDL ~ L iTranspiling a PyPDDL program to PDDL N/A
either with Py2PDDL (~~) or by an LLM
(=)
I — PySim — PDDL ~ L J"Generating a Python-based simulator N/A
before translating to PDDL.
I — PDDL —FB8? pppDL ~» L  Refining the generated PDDL once (with  Revision with solver feedback (—>FB) (Zhu
or without the solver feedback). et al., 2025; Hu et al., 2025).
I — PyPDDL — PDDL — PDDL ~ L %Generating a PyPDDL wrapper before N/A
3 generating PDDL that receives one
revision.
I — PDDL — PyPDDL — PDDL ~ L J"Generating PDDL first and then generat- N/A
ing PyPDDL wrapper followed by PDDL
generation.
I — PDDL —FB? ppDL —B2PDDL  ~ L Iteratively refining the PDDL program Iterative refinement with solver feedback

twice (with or without solver feedback).

(—) (Zhu et al., 2025; Hu et al., 2025).

Table 1: Pipelines that we evaluate in this work, ranging from level O to level 3. For each pipeline, we specify the
IRs before reaching the final plan (L). Pipelines marked with ™ are newly introduced in this work. Straight arrows
(—) denote procedures involving LLMs, with superscripts indicating special variants—FB for solver feedback.
Wavy arrows (~+) represent purely symbolic solving or compilation processes.

are returned by the planning solver.Plan accuracy
is the percentage where a plan is not only found
by the solver but also correct based on valida-
tion. We use the dual-bfws-ffparser plan-
ner (Lipovetzky and Geffner, 2017) from plan-
ning.domains (Muise, 2016) to solve for the plan
and VAL (Howey et al., 2004) to validate the plan
against the ground-truth PDDL.

Pipelines. We instantiate an array of pipelines
based on our previously introduced framework. Re-
call that we define the level of a pipeline as the
number of IRs (including PDDL) it involves. We
notate each pipeline as the intermediate IRs in-
volves, excluding the input description I and the
output plan L. For example, PDDL — PDDL de-
notes a pipeline / — PDDL — PDDL ~» L. The
evaluated pipelines are illustrated in Table 1, rang-
ing from level O to level 3. We do not consider level
4 onward pipelines.

Models. We evaluate 4 recent and best performing
open-source LLMs, QwQ-32B, Qwen3-32B, gpt-
0ss-120b (total 117B with 5.1B active parameters),
and GLM-4.5-Air-FP8 (total 106B with 12B active
parameters) We use vLLM (Kwon et al., 2023) to

speed up inference and set temperature of 0.4 for
each of our experiments on one H100 GPU. We
report mean of three runs and their standard devia-
tion is shown as error bars. Examples of prompts
are shown in Appendix G.

5 Results and Discussions

With our unifying framework, we present a com-
prehensive evaluation for inference-time LLM-
assisted planning focusing on PDDL generation.

5.1 The Effect of Level

Figure 2 shows the performance of 4 LLMs
with representative pipelines for each level on
BlocksWorld and Logistics. Overall, the highest
plan accuracy is achieved by a Level 3 pipeline
(PDDL — PDDL — PDDL) involving 3 IRs, in
6 out of 8 LLM-domain combinations. Generally,
our finding recommends a higher level pipeline
that involves IRs and revisions, for the LLM-as-
formalizer methodology, that is inline with findings
from existing work.

However, as real-life planning applications can-
not assume unlimited computational resource.
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Figure 2: The performance of four LLMs with a representative pipeline from each of the levels.

Therefore, we now consider the most resource-
constrained case of Level 0 and Level 1 pipelines
where the most costly step, an LLM genera-
tion, happens once. The comparison between
the vanilla LLM-as-planner (¢) and LLM-as-
formalizer (PDDL-base) has no clear winner (3
against 5 in 8 LLM-domain combinations), corrob-
orating similar claims in recent work that evalu-
ated reasoning LLMs with inference-time scaling
(Huang and Zhang, 2025; Amonkar et al., 2025).

With one more IR, the best Level 2 LLM-as-
formalizer pipeline always outperforms LLM-
as-planner and also the Level 1 pipelines in all
8 out of 8 cases. This finding cautions against
generating planning languages with merely one
LLM call.

5.2 The Effect of IR

We now zoom onto Level 2 with one additional
IR before the final PDDL to be generated. Our
pipelines are instantiated with 4 types of IR: NL,
Python Simulator, PyPDDL, and PDDL, with re-
sults in Figure 3. Compared to Level 1, NL as an
IR consistently hurts performance. Python Simula-
tor is similar yet sometimes improves performance.

In contrast, PyPDDL and PDDL as IRs consis-
tently improves performance. Notably, PyPDDL
— PDDL and PDDL —f® PDDL out-performs
each other in half of the 8§ LLM-domain combi-
nations. Without the solver feedback but with the
LLM feedback, the PDDL — PDDL pipeline loses
its advantage of revision. Whenever invoking the
solver may be costly, this finding presents the com-
munity an alternative to revision with solver feed-
back: transpilation from a syntax-aligned IR to the
target language. Figure 4 shows qualitative exam-
ples of different IRs and their typical mistakes.

For any pipeline that involves PyPDDL —
PDDL, recall that PyPDDL is a formal language
where a solver could be defined in situ (though, this
is a non-trivial effort) yet is not provided by the
library we use, so we default to using the LLM
to transpile PyPDDL to PDDL to leverage the
PDDL solver. As an ablation study, we also attempt
to perform transpilation deterministically using
Py2PDDL library (denoted as PyPDDL ~» PDDL).
One may expect such a deterministic transpilation
to outperform LLM generating PDDL, consider-
ing Python is much higher-resource than PDDL.
Transpilation with Py2PDDL performs much worse

8536



129 Level 2 Level 3 ~
1.0 A
: I
g 0.8 1 I I | I
S 0.6 A
e g I
0.2 1 E
0.0 v .
Level 2 Level 3 -
1.0 4 I I I I I I I I I I i
. 0.8 } ! i & I ‘ I
S 0.6 - . o
< 04- :: s I |
lo 5 I
0.2+ 2 BI @ I % ﬁ
0.0 ; , °: S X |—I_| 2 5 F?].—;E ;@&m L 5
QwQ-32B Qwen3-32B gpt-0ss-120b GLM-4.5-Air

[0 Plan accuracy
Syntactic accuracy
3 nl-pddl

EZA pythonsim-pddl

B3 pypddl-pdd| (with py2pddl)

[E=1 pypddl-pddl

=3 pddl-pddl

EEE pypddl-pddi-pddl
[ pddl-pypddi-pddl

Figure 3: The performance of four LLMs with five pipelines in level 2 comparing IRs and two pipelines from level
3 comparing the ordering of IRs. (PyPDDL—PDDL—PDDL vs PDDL—PyPDDL—PDDL)

than LLM-based transpilation. For instance, with
accuracy 16% vs 68% for QwQ-32B model in
BlocksWorld. The generated PyPDDL tends to
not follow non-trivial way of representing different
PDDL components. As shown in Figure 4, a set of
blocks created by create_objs is mistakenly
treated as a List instead of aDict.

Based on the comparison of level 3 pipelines
in Figure 3, PyPDDL is effective before revision
but not during. This informs the architecture of
pipelines with IR that maximize performance by
effectively using all LLM calls.

All the results with performance of 4 LLMs and
12 pipelines on BlocksWorld, Logistics, Sokoban,
and CoinCollector are shown in Appendix C. We
focus on the first two domains here due to space
limitation and relatively consistent findings.

5.2.1 Disentangling IR Choice from Compute

To address the concern that IR choice and com-
putation budget are confounded, we add an abla-
tion that increases test-time compute at Level 1

without introducing an intermediate representation.
Concretely, we evaluate a best-of-2 variant of the
Level 1 PDDL pipeline (PDDL best-of-2), which
generates two independent PDDL candidates and
counts an instance as solved if either candidate
yields a valid plan. This matches the number of
LLM responses used by a single-revision pipeline
such as PDDL—PDDL, while isolating the effect
of adding an IR/revision step from simply having
more LLM calls or compute. Overall, PDDL best-
of-2 underperforms PDDL—PDDL in all instances,
except for BlocksWorld with QwQ-32B. We also
observe higher variance for PDDL best-of-2 across
runs, consistent with its higher-temperature sam-
pling setting (0.8; to generate diverse samples).
These results suggest that the gains we observe at
Level 2 are not explained solely by additional com-
putation, but also by the structure introduced by
an intermediate representation and/or revision. See
Figure 6 for results.
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Domain Description

I am playing with a set of blocks... Here are the
actions I can do: Pick up a block, Unstack a block
from on top of another block...

I have the following restrictions on my actions: 1)
I can only pick up/ unstack one block at a time. 2)

Problem Description

As initial conditions I have that, block 2 is
clear, block 9 is clear, ... the hand is empty,
block 1 is on top of block 5, block 2 is on top
of block 1, block 10 is on top of block 4,

PDDL

(define (domain blocksworld)
(:action putdow
:parameters (
:precondition™~{g =g
:effect (and (clear ?ob)

Missing predicate
arm-empty
oD

. : —_— - 2
I can only pick up a block if the block is on the block 11 is on top ofblo?k 14, block 12 is on (on-table ? ob) :
table and the block is clear. Once I pick up, I am top of block 13, block 3 is on the table, block (not (holding ?0b))) ..)
holding the block. ) 4ison t.he table, block 5 is on t.he table, o (esen o)
I can only put down a block that I am holding. block 7 is on the table, block 5 is on the (:domain blocks)
5 Action H&:ads table, block 7 is on the table, ... (sobjects 12345678918 11
pickup (‘9b N block) My goal is to have that block 1 is on top of 12 13 14 - block) oy —s
unstack  (?b ?under - block) . block 9, block 2 is on top of block 5, ..., (:init . ) ) _
yntax error
Plan NL-PDDL PyPDDL PDDL (Revised)
(unstack block2 block1) BlockStackingDomain class BlocksWorldDomain(Domain): (define
(putdown block2) Entity Types: (domain blocksworld)

(stack block1 block9)
(pickup block2)
(stack block2 block5)
(unstack

[ Failure:
(stack bl block5 not clear

DIOCK DIOCK
(unstack

(stack block12 block2)
(pickup block14)
(stack block14 block12)
(pickup block9)
(stack block9 block14)

- block: Physical objects...
- hand: A single robotic hand...
Predicates: clear: True when...
Actions:
- pickup: parameters: ?b - block
- Preconditions:
- Positive: on-table(?b),
empty-hand()

- Neggrss 5
_ Effect] Missing predicate
_Add: clear

BlockStackingProblem

Block = create T A
@action(Block) | Missing predicate
def pickup(self ~clear (b)
precond = [self.handempty(),...]
effect = [~self.handempty(),
~self.ontable(b), self.holding(b)]

return precond, effect

class BlocksWorldProblem(...):

def __init__(self): ..
self.blocks=Block.create_objs(
[1,2,3,4,5,...,12,13,14], ...)

f‘ji”iF ) Cannot find obj;

ef init(se

b = self.pil (shouldbeb[“b2"])
return [self.cI®ar(b[2]),
self.clear(b[4]),

(:action putdown

-Paf" Mistake not corrected
ol E after revision
:effect (and (clear ?ob)
(on-table ?ob)
(not (holding ?0b))))

)

Successfully

(((Jegine.(p fixed the issue
:domain bre

(:objects b1 b2 b3 b4 ..
b12 b13 b14 - block)

Objects: block: b1, b2, bg, ...

Figure 4: Qualitative examples of a same problem in B
NL, PyPDDL, PDDL, before generating the final PDDL
feedback and a directly generated plan (Level 0).

Qwen-QwQ-32B

0.8 =

o
o
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self.clear(b[6]), ..] (:init . ) .)

locksWorld, juxtaposing different IRs generated including
(Level 2). Also included is a revised PDDL based on solver
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Figure 5: The performance of two LLMs and four methods including usage as planners and as formalizers on

BlocksWorld problems with an increasing entity space.

5.3 Robustness against Complexity

Recent work has cast doubt on the ability of LLM,
both as a planner and as a formalizer, to scale
with the problem complexity (Shojaee et al., 2025;
Lin et al., 2025; Amonkar et al., 2025). For ex-
ample, the BlocksWorld dataset evaluated in this
work ranges from 2 to 15 blocks, while other cited
previous work often relied on datasets with even
smaller entity space. In real-life applications such
as robotics or logistics, current benchmarks do
not help understand LLMs’ robustness in plan-

ning for complex problems, either as planners or as
formalizers. Therefore, we specifically construct
BlocksWorld problems with increasing number of
entities (blocks), ranging from 10 to 50, with an
increment of 10 and 10 problems per bucket. We
evaluate the robustness of some of the most com-
monly used and best-performing pipelines LLM-
as-planner (Level 0) and three LLM-as-formalizer
pipelines including PDDL (Level 1), PyPDDL —
PDDL, and PDDL — PDDL (Level 2).

Figure 5, clearly shows that while all methods
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Figure 6: Disentangling IR choice from compute via
best-of-2 at Level 1. We compare the Level-1 PDDL
pipeline against PDDL best-of-2 (L1, 2 LLM responses),
which increases sampling compute without introducing
an intermediate representation, and against the Level-2
PDDL—PDDL revision pipeline.

degrade with complexity, LLM-as-formalizer is
much more robust than LLLM-as-planner. We
observe that, as the number of blocks approaches
20, the performance of LLM-as-planner halves
compared to 10; approaching 50, its performance
drops to zero. In contrast, all LLM-as-formalizer
pipelines are more robust to increased entity-space
complexity despite reduction in performance. No-
tably, directly generating PDDL (Level 1) loses no
more than 20% plan accuracy as the number of
entities increases from 10 to 50. In comparison, the
Level 2 pipelines perform better with less entities,
but degrade more severely with more entities.

Situated among recent studies, our findings cor-
roborate the claim that even reasoning LLMs with
inference-time scaling are not robust to problem
complexity. Moreover, we are the first to evi-
dence and advocate for the robustness of LLM-
as-formalizer in planning. For more multi-IR
pipelines of higher levels, we also caution against
the tradeoff between performance and robustness
against complexity.

6 Conclusion

We propose a unifying framework of inference-
time planning language generation. Based on

the interplay of IR, our framework not only sub-
sumes most prior work involving multi-stage LLM
pipelines but also inspires novel pipelines, such as
those involving a high-resource, syntax-aligned IR
to the target language. In addition to providing im-
mediately applicable recipes for high-performing
planning methods, our work opens up promising
directions of research in designing efficient LLM
pipelines applicable to alternative planning lan-
guages (e.g., LTL) and even non-planning domain-
specific languages (e.g., SMT).

7 Limitations

We only consider pipelines with three levels i.e.
three IRs for planning language generation. Some
of the existing work already have more than three
IRs in their pipelines (Hao et al., 2025; Ishay and
Lee, 2025). Thus, instantiation of our framework
presented here is still limited in all possible insights
applicable to contemporary work. We defer this to
future work.
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A Results for Natural Version of Data

We also present results with Natural version of
data instead of Moderately-Templated input data.
The results highlight the same conclusions showing
the competence of PyPDDL as an IR compared
to PDDL or PDDL revision. The results are in
Figure 7.

B Results with Constrained Decoding

We additionally apply decoding by grammar tech-
nique (denoted —°P) to PDDL generation based
on grammar (Wang et al., 2023) and constrained
decoding (Scholak et al., 2021) favorable in the
program synthesis community. We translate the for-
mal BNF definition of PDDL 3.13 into a LALR(1)-
compatible EBNF grammar used to limit LLMs’
decoding to trivially syntactically correct PDDL,
but may degrade semantics.

Applicable for all levels, we evaluate PDDL-
grammar with constrained decoding as a drop-in
replacement for standard decoding in PDDL-base
pipeline. Although performance on BlockWorld
domain is comparable (38% for PDDL-grammar vs
36% for PDDL-base), the performance on Logis-
tics domain is zero. Constrained decoding showed
an hit or miss behaviour; either performing com-
parable to standard decoding or catastrophically
making similar mistakes in all the problems. We
defer comprehensive evaluation of constrained de-
coding to future work while suggesting for robust
decoding techniques.

C All Results

The results for all the pipelines with two additional
domains Sokoban and CoinCollector are shown in
Figure 8 & Figure 9.

D Discussion: Justification of Modeling
Style

A reviewer questioned the significance of bench-
marks whose natural language explicitly mentions
action names and arguments, since end users (e.g.,

3Kovacs, 2011: http://pddld].imag.fr/
repository/wiki/BNF-PDDL-3.1.pdf

in robotics) may not know solver-facing schemas.
We emphasize that this is not a pipeline-specific
simplification, but the modeling convention used
by existing datasets and prior work that we aim
to unify. Accordingly, our task includes an action
header (action names and parameter signatures) to
fix the ontology and enable fair, controlled evalua-
tion across methods, rather than to propose a more
“natural” user interface.

We agree there is an ontological gap between
natural, dynamics-oriented descriptions and solver-
oriented PDDL. Our contribution targets the Spec-
to-Code bottleneck: translating an informal func-
tional specification into solver-ready code, not in-
ferring dynamics/ontologies from raw observations
(World-to-Code). This scope is motivated by fea-
sibility: practical classical planners typically re-
quire explicit, grounded transition schemas, while
leaving dynamics implicit (e.g., via deep quantifi-
cation) often yields formulations that are hard to
compile and intractable for heuristic search. Cru-
cially, even with an action header, formalization is
non-trivial—strong open-source LLMs frequently
fail to produce syntactically valid and semantically
correct PDDL—so isolating this stage provides a
clean and meaningful evaluation signal.

E Examples of Input and Output

E.1 BlocksWorld

Blocksworld. Find the domain description (dd;
Listing 10), problem description (pd; Listing 11),
domain file (df; Listing 12), problem file (pf; List-
ing 13), and plan (plan; Listing 14).

E.2 Logistics

Logistics. Find the domain description (dd; List-
ing 15), problem description (pd; Listing 16), do-
main file (df; Listings 17 and 18), problem file (pf;
Listing 19), and plan (plan; Listing 20).

E.3 CoinCollector

CoinCollector. Find the domain description (dd;
Listing 21), problem description (pd; Listing 22),
domain file (df; Listing 23), problem file (pf; List-
ing 24), and plan (plan; Listing 25).

E.4 Sokoban

Sokoban. Find the domain description (dd; List-
ing 26), problem description (pd; Listing 27), do-
main file (df; Listings 28 and 29), problem file (pf;
Listing 30), and plan (plan; Listing 31).
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Figure 7: The performance of two LLMs and four pipelines for BlocksWorld and Logistics

F Examples of IRs

F.1 NL—PDDL (nl_pddl)

Listing 32 and Listing 33 present NL-PDDL IR
Example.

F.2 PythonSim—PDDL (pythonsim_pddl)
Listings 34-36 and Listing 37 present the Python-
Sim IR example.

F.3 PyPDDL—PDDL (pypddl_pddl)

Listings 38-39 and Listing 40 present PyPDDL IR
example.

F.4 PDDL—PDDL (pddl_pddl)

Listing 41 and Listing 42 present PDDL IR exam-
ple.

G Examples of Prompts

G.1 Plan Generation (plan_gen)

Uses plan_instruction together with the
natural-language domain and problem descriptions
for direct plan synthesis.

G.2 Single-Stage PDDL (pddl)

Uses only_pddl_instruction before ask-
ing for domain and problem files grounded in the
original descriptions.

G.3 NL—PDDL (nl_pddl)

Stage one converts natural language to a structured
prose specification using nl_instruction;
stage two calls only_pddl_instruction to
emit PDDL from the summary plus original de-
scriptions.

G.4 PythonSim—PDDL (pythonsim_pddl)

Stage one gathers a Python simulator via
python_sim_instruction; stage two in-
vokes only_pddl_instruction with the
simulator alongside the original descriptions.

G.5 PyPDDL—PDDL (pypddl_pddl)

Stage one elicits PyPDDL code with
pypddl_instruction; stage two relies
on only_pddl_instruction plus the

generated program.
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and Logistics. Error bars shows the standard deviation over 3 runs.

G.6 PDDL—PDDL with Feedback
(pddl_pddl)

8544 tage one uses pddl_instruction for direct

PDDL; stage two revises the files using solver feed-



Sokoban

QwQ-32B Qwen3-32B
Level 0 Level 1 Level 2 Level 3 Level 0 Level 1 Level 2 Level 3
1.0 1l I 1.0 I 1
[ Tt 1 1 I [ ]I I I I 11

0.84 081 I I I

0.6 0.6

0.4 0.4

0.2 0.2

0.0- 0.0

X N \ N
o = Q\an“e o9 \3‘5:\ v“i 9‘5:‘ 260@66\)96& 6\).9 a\"":&""& 0’A§6\)\>¢¢
. . X
. @ \\((\:as 1“\°§ \«-\‘\\9 v:)s €57 9\| )Qq 66\»9 \N\° 6\”9
NES e v
QS A
919 6\"‘)

g v“
I .
] gpt-0ss-120b GLM-4.5-Air
2 Level 0 Level 1 Level 2 Level 3 1.0 Llevel0 Levell Level 2 Level 3

i [] [ ] |

| [ I
A

[ 1

X & & N g & SRS ARIP N & SRS AIP
o e \3‘, *196" - v°° e aé\"\): \,.9" \)v“ aa“ o 96" o° a;‘;,&“ ais \)vd&)v" oa“ e
5" $
W v\,%‘;\\*‘““ S \;-Q“ \,&j 66\ «\ ¢<&\ ‘ \""w\/"’j 65\ “‘\0 e
&\»Q O 9‘! oi°
o° Q 6\" é\"
& S
I Plan accuracy Syntactic accuracy
CoinCollector
QwQ-32B Qwen3-32B
Level 0 Level 1 Level 2 Level 3 141 Level 0 Level 1 Level 2 Level 3

1.0 I 1 1 : I I 1 I I I T 12

o PRt

0.8
0.6

< & QO qd (g O & o o 3 & \} A
B LV e ,;?9 Wa?\\ v"e&a aé\”‘)d % d\zv"d\;véﬁ\; a° Lo a&\a‘\‘\a o ,wv“ o m‘\“ Lo 80’6 6\,& a\"" a\"" ¢\" &,wv“ c\aﬂ’
s 0 D -
W of ‘:a \«\‘ 6 \»v‘* \»‘:‘ (\,A\ 6\»‘! N‘° W 9\) x\° \«\‘ N « ‘\\}.v*&}.g;* &" ,‘v‘i \«\0 o
e & & 6‘5\) 6\"9 of°

. ‘,\)9 6\)’° ‘,6‘3\)‘)
9
©
§ gpt-0ss-120b GLM-4.5-Air
2 Level 0 Levell Level 2 Level 3 Level 0 Level1 Level 2 Level 3

ol | BRr l I

061 I 061 I
0.4 0.4 I
021 021
< & S o (@ 4& & & Y ) < & & N NP & o ) g
g‘v\aﬁ“z & e v“; S0 “;&s (:& o™ <\6\"° 6\)9 a\”"éa\”"é &’% o a")\a‘\‘\e & o 9 v°° Q° ‘\c@“&,&“ é&»v &»v“;\,wv:& v‘*eéné o
W ® \‘:6\ \‘N‘d\ 6\\\:‘\0 \/'9\) \/"i) (\6\ 6\)-9 \9 \x*\o R 9‘)“\;;\ \i‘\"‘\ \° ‘\\A’* \)-9 66\ 6\"9\4‘) e 66\/'
RS e e o
INC AR 6\»\) o o é\gv
o &
I Plan accuracy Syntactic accuracy
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back from the first attempt.
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I am playing with a set of blocks where I need to arrange the blocks into stacks.
Here are the actions I can do

Pick up a block

Unstack a block from on top of another block
Put down a block

Stack a block on top of another block

have the following restrictions on my actions:
can only pick up or unstack one block at a time.
can only pick up or unstack a block if my hand is empty.

I can only pick up a block if the block is on the table and the block is clear.
A block is clear if the block has no other blocks on top of it and if the block is
not picked up.

I can only unstack a block from on top of another block if the block I am
unstacking was really on top of the other block.

I can only unstack a block from on top of another block if the block I am
unstacking is clear.

Once I pick up or unstack a block, I am holding the block.

I can only put down a block that I am holding.

I can only stack a block on top of another block if I am holding the block being
stacked.

I can only stack a block on top of another block if the block onto which I am
stacking the block is clear.

Once I put down or stack a block, my hand becomes empty.

Once you stack a block on top of a second block, the second block is no longer
clear.

HoH

;; Action Heads

pickup (?b - block)
unstack (?b ?under - block)
putdown (?b - block)
stack (?b ?under - block)

Figure 10: Blocksworld Domain Description

As initial conditions I have that, blockl is clear, block2 is clear, block3 is
clear, block5 is clear, the hand is empty, block5 is on top of block4, blockl is on
the table, block2 is on the table, block3 is on the table, and block4 is on the
table.

My goal is to have that block4 is on top of block5, blockl is on the table, block2
is on the table, block3 is on the table, and block5 is on the table.

Figure 11: Blocksworld Problem Description

G.7 PDDL—PDDL—PDDL
(pddl_pddl_pddl)

Applies pddl_instruction across three
solver-informed revisions.
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Sw N

(define

:st
(clear
on-tab

holdin
on 7?7x

(:action pickup

:parameters (?o0b)
:precondition (and
ceffect

(and (holding ?o0b)

(not

(:action putdown

(
(arm—empty)
(
(

(domain blocksworld)
(:requirements
(:predicates

rips)
?X)
le ?x)

g ?x)
?y))

(clear ?o0b)
(not
(arm—empty))))

:parameters (?0b)
:precondition (holding ?ob)
:effect (and (clear ?ob)

(not

(:action stack

:parameters
:precondition

ceffect

(and

(and (arm-empty)

(not

(:action unstack

:parameters
:precondition

ceffect

(define

(and

(and (holding ?o0b)

(not

(arm—empty)
(holding 7?0b))))

(?o0b ?underob)

(clear ?underob)
(clear ?2o0b)
(clear ?2underob))

(?o0b ?underob)

(on ?0b ?underob)

(on ?0b ?underob))

Figure 12: Blocksworld Domain PDDL

(problem blocksworld-p02)

(:domain blocksworld)
(:objects blockl block2 block3 block4 block5 )

(:init

(on-table blockl)
(clear blockl)
(on-table block3)
(clear block3)
(on-table block2)
(clear block2)
(on-table block4)
(on block5 block4)
(clear blockb)
(arm-empty)

goal (and
(on—-table block3)
(on-table block))
(on block4 blockb)
(on-table block2)
(on—-table blockl)

(on-table ?0b)
(clear ?0b))

(not

(on—-table 7?0b)

(holding 7?ob))
(on ?0b ?underob)
(not

(clear ?o0b)

(clear ?underob)

(not (clear ?0b))

Figure 13: Blocksworld Problem PDDL

(unstack block5 block4)

(putdown blockb5)
(pickup block4)
(stack block4 block

S)

Figure 14: Blocksworld Plan
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I need to move packages between locations. Here are the actions I can do

Load an package onto a truck at a location (load-truck package truck location)

Load an package onto an airplane at a location (load-airplane package airplane
location)

Unload an package from a truck at a location (unload-truck package truck
location)

Unload an package from an airplane at a location (unload-airplane package
airplane location)

Drive a truck from locationl to location2 in a city (drive-truck truck
locationl location2 city)

Fly an airplane from airportl to airport2 (fly-airplane airplane airportl
airport2)

I have the following restrictions on my actions:

I can only load a package onto a truck or airplane if both the package and
alirplane are at the location.

Once I load the package in the truck or airplane, it is no longer at the
location.

I can only unload a package from a truck or airplane if the truck or airplane
is at the location and the package is in the truck or airplane.

Once I unload the truck or airplane, the object is at the location and no
longer in the truck or airplane.

I can only drive a truck between locations if the truck is at the first
location and both the first and second locations are in the same city. Once I drive
a truck, the truck is in the second city and no longer in the first city.

I can only fly an airplane between two airports and the airplane is at the
first airport.

Once I fly an airplane, the airplane is at the second airport and no longer at
the first airport.

;; Action Heads

load-truck (?70bj - package ?truck - truck ?loc - location)
load-airplane (?0bj - package ?airplane - airplane ?loc - airport)
unload-truck (?70bj - package ?truck - truck ?loc - location)
unload-airplane (?0bj - package ?airplane - airplane ?loc - airport)
drive—-truck (?truck - truck ?loc-from - location ?loc-to - location ?city
- city)

fly-airplane (?7airplane - airplane ?loc-from - airport ?loc-to - airport)

Figure 15: Logistics Domain Description

As initial conditions, I have that, objll is a package, objl2 is a package, 0objl3
is a package, obj2l1 is a package, obj22 is a package, obj23 is a package, trul is a
truck, tru2 is a truck, citl is a city, cit2 is a city, posl is a location, aptl is
a location, pos2 is a location, apt2 is a location, aptl is an airport, apt2 is an
airport, apnl is an airplane, apnl is at apt2, trul is at posl, objll is at posl,
objl2 is at posl, objl3 is at posl, tru2 is at pos2, obj2l is at pos2, obj22 is at
pos2, obij23 is at pos2, posl is in citl, aptl is in citl, pos2 is in cit2, and apt2
is in cit2.

My goal is to have that objl2 is at posl, obj23 is at posl, objll is at aptl, obj22
is at aptl, objl3 is at pos2, and obj2l is at pos2.

Figure 16: Logistics Problem Description
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;7 logistics domain

rr

(define (domain logistics)
(:requirements :strips)
(:predicates (package ?0obj)

(truck ?truck)
(airplane ?airplane)
(airport ?airport)
(location ?loc)
(in-city ?obj ?city)
(city 7?city)
(at ?0bj ?loc)
(in ?0bj ?0bj))

(:action load-truck

:parameters
(?0bj
?truck
?loc)

:precondition
(and (package ?0bj) (truck ?truck) (location ?loc)
(at ?truck ?loc) (at ?obj ?loc))

ceffect
(and (not (at ?2obj ?loc)) (in ?obj ?truck)))

(:raction load-airplane

:parameters
(?0b7j
?airplane
?loc)

:precondition
(and (package ?0bj) (airplane ?airplane) (location ?loc)
(at ?0obj ?loc) (at ?airplane ?loc))

ceffect
(and (not (at ?o0bj ?loc)) (in ?2obj ?airplane)))

(:action unload-truck

:parameters
(?0b7j
?truck
?loc)

:precondition
(and (package ?0bj) (truck ?truck) (location ?loc)

(at ?truck ?loc) (in ?obj ?truck))

ceffect

(and (not (in ?0bj ?truck)) (at ?2o0bj 2loc)))

(:action unload-airplane

:parameters
(?0bj
?airplane
?loc)

:precondition
(and (package ?0bj) (airplane ?airplane) (location ?loc)

(in ?obj ?airplane) (at ?airplane ?loc))

ceffect

(and (not (in ?o0bj ?airplane)) (at ?obj ?loc)))

Figure 17: Logistics Domain PDDL (Part 1)
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; Logistics domain (continued)

(:action drive-truck

:parameters
(?truck
?loc—from
?loc-to
?city)

:precondition
(and (truck ?truck) (location ?loc-from) (location ?loc-to) (city ?city)
(at ?truck ?loc-from)
(in-city ?loc—from ?city)
(in-city ?loc-to Z?city))

ceffect
(and (not (at ?truck ?loc-from)) (at ?truck ?loc-to)))

(raction fly-airplane
:parameters
(?airplane
?loc—from
?loc-to)
:precondition
(and (airplane ?airplane) (airport ?loc-from) (airport ?loc-to)
(at ?airplane ?loc-from))
ceffect
(and (not (at ?airplane ?loc-from)) (at ?airplane ?loc-to)))

Figure 18: Logistics Domain PDDL (Part 2)

(define (problem logistics-6-9)
(:domain logistics)
(:objects apnl apt2 pos2 aptl posl cit2 citl tru2 trul obj23 obj22 obj2l1 objl3
objl2 objll )
(:init (package objll) (package objl2) (package objl3) (package obj21)
package obj22) (package obj23) (truck trul) (truck tru2) (city citl) (city cit2)
location posl) (location aptl) (location pos2) (location apt2) (airport aptl)
airport apt2) (airplane apnl) (at apnl apt2) (at trul posl) (at objll posl)
at objl2 posl) (at objl3 posl) (at tru2 pos2) (at obj2l pos2) (at obj22 pos2)
at obj23 pos2) (in-city posl citl) (in-city aptl citl) (in-city pos2 cit2)
in-city apt2 cit2))
(:goal (and (at objl2 posl) (at obj23 posl) (at objll aptl) (at obj22 aptl)

(at objl3 pos2) (at obj2l pos2)))

(
(
(
(
(
(

)

Figure 19: Logistics Problem PDDL
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(load-truck objll trul posl)
(load-truck objl3 trul posl)
(drive-truck trul posl aptl citl)
(unload-truck objll trul aptl)
(unload-truck objl3 trul aptl)
(load-truck obj22 tru2 pos2)
(load-truck obj23 tru2 pos2)
(drive—-truck tru2 pos2 apt2 cit2)
9. (unload-truck obj22 tru2 apt2)
10. (unload-truck obj23 tru2 apt2)

O Jo Ul b W

11. (load-airplane obj22 apnl apt2)
12. (load-airplane obj23 apnl apt2)
13. (fly-airplane apnl apt2 aptl)

14. (unload-airplane obj22 apnl aptl)
15. (unload-airplane obj23 apnl aptl)
16. (load-airplane objl3 apnl aptl)
17. (fly-airplane apnl aptl apt2)

18. (unload-airplane objl3 apnl apt2)
19. (load-truck objl3 tru2 apt2)

20. (drive-truck tru2 apt2 pos2 cit2)
21. (unload-truck objl3 tru2 pos2)
22. (load-truck obj23 trul aptl)

23. (drive-truck trul aptl posl citl)
24. (unload-truck obj23 trul posl)

Figure 20: Logistics Plan

I'm exploring a grid of rooms to collect items. Doors may block passage between
rooms until I open them. Here are the actions I can do:

Move from one room to an adjacent room in a given direction
Open a closed door between two rooms (which then allows travel both ways)
Take (pick up) an item that’s in the same room as me

I have the following restrictions on my actions:

I can move only if there is an open connection from my current room to the
target room in the intended direction.

If a door between two rooms is closed, I must open it before I can move through
it.

To open a door, I must be in one of the two rooms the door connects, and I must
know both the direction I’'m opening in and its reverse (e.g., east/west,
north/south) .

Opening the door removes the "closed" state and creates connections in both
directions.

I can only take an item if I am in the same room as the item and the item
hasn’t already been taken.

Once I take an item, it is considered collected (no longer present in the room).

;7 Action Heads

move (?rooml - room ?room2 - room ?direction - direction)
open (?rooml - room ?room2 - room ?direction - direction ?reverse - direction)
take (?item - item ?room — room)

Figure 21: CoinCollector Domain Description
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As initial conditions, I have that, kitchen is a room, corridor is a room, pantry
is a room, north is a direction, south is a direction, east is a direction, west is
a direction, coin is an item, I am at kitchen, there is an open connection from
kitchen to corridor going north, there is an open connection from corridor to
kitchen going south, there is a closed door from kitchen to pantry going east,
there is a closed door from pantry to kitchen going west, coin is in corridor,
direction north is reverse of south, direction south is reverse of north, direction
east is reverse of west, and direction west is reverse of east.

My goal is to have that coin is taken.

Figure 22: CoinCollector Problem Description

(define (domain coin-collector)
(:requirements :strips :typing)

(:types
room
direction
item
)
(:predicates
(at ?room - room)
(connected ?rooml - room ?room2 — room ?direction - direction)
(closed-door ?rooml - room ?room2 - room ?direction - direction)
(location ?item - item ?room — room)
(taken ?item - item)
(is—-reverse ?direction - direction ?reverse - direction)

(:action move
:parameters (?rooml - room ?room2 - room ?direction - direction)
:precondition (and (at ?rooml) (connected ?rooml ?room2 ?direction))
ceffect (and (not (at ?rooml)) (at ?room2))

(:raction open

:parameters (?rooml - room ?room2 - room ?direction - direction ?reverse -
direction)

:precondition (and (at ?rooml) (closed-door ?rooml ?room2 ?direction)
(is—-reverse ?direction ?reverse))

ceffect (and (not (closed-door ?rooml ?room2 ?direction)) (not (closed-door
?room2 ?rooml ?reverse)) (connected ?rooml ?room2 ?direction) (connected ?room2
?rooml ?reverse))

)

(:action take
:parameters (?item - item ?room - room)
:precondition (and (at ?room) (location ?item ?room) (not (taken ?item)))
ceffect (and (taken ?item) (not (location ?item ?room)))

Figure 23: CoinCollector Domain PDDL
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(define (problem coin_collector_numLocations3_numDistractorItemsO_seed54)
(:domain coin-collector)
(:objects
kitchen corridor pantry - room
north south east west - direction
coin - item

(:init

(at kitchen)
(connected kitchen corridor north)
(closed-door kitchen pantry east)
(connected corridor kitchen south)
(closed-door pantry kitchen west)
(location coin corridor)
(is—reverse north south)
(is—-reverse south north)
(is—-reverse east west)
(is—-reverse west east)
)
(:goal

(taken coin)

)

Figure 24: CoinCollector Problem PDDL

1. (move kitchen corridor north)
2. (take coin corridor)

Figure 25: CoinCollector Plan

8553



I am playing a Sokoban puzzle where a player pushes stone crates onto goal squares.
Here are the actions I can do

Move the player into an adjacent clear square
Push a stone into an adjacent goal square
Push a stone into an adjacent non-goal square

I have the following restrictions on my actions:

I can only move if I choose one of the four cardinal directions, I am the
player, I am at the from-square, the destination square is clear, and the two
squares are aligned with that direction.

When I move, I leave my previous square clear and occupy the destination square.

I can only push a stone toward a goal square if I am the player, the object is a
stone, I stand directly behind the stone in the chosen direction, the target square
is clear, that target square is marked as a goal, and both adjacency relations
match the direction of push.

After pushing a stone toward a goal square, I advance into the stone’s former
square, the stone moves into the goal square, the goal square is no longer clear,
my previous square becomes clear, and the stone is marked as being on a goal square.

I can only push a stone toward a non-goal square if I am the player, the object
is a stone, I stand behind the stone in the direction of push, the destination
square is clear, that destination square is marked as a normal square, and the
adjacency relations match the direction of push.

After pushing a stone toward a non-goal square, I move into the stone’s former
square, the stone shifts forward, the destination square is no longer clear, and my
previous square becomes clear while the stone is marked as not being on a goal
square.

;; Action Heads

move (?p — thing ?from - location ?to - location ?dir - direction)
push-to-goal (?p — thing ?s - thing ?ppos - location ?from - location ?to -
location ?dir - direction)

push-to-nongoal (?p - thing ?s - thing ?ppos - location ?from - location ?to -
location ?dir - direction)

Figure 26: Sokoban Domain Description

As initial conditions I have that, player-01 is at pos-1-1, stone-01 is at pos-1-2,
pos—-1-3 is clear, pos—-1-3 is a goal square, pos—-1-1 is a normal square, pos—-1-2 is
a normal square, player-01 is the player, stone-01 is a stone, dir-right is an
available move direction, dir-left is an available move direction, dir-up is an
available move direction, dir-down is an available move direction, moving from
pos—1-1 to pos—-1-2 uses dir-right, moving from pos-1-2 to pos—-1-1 uses dir-left,
moving from pos-1-2 to pos-1-3 uses dir-right, and moving from pos-1-3 to pos-1-2
uses dir-left.

My goal is to have that stone-01 is at a goal square.

Figure 27: Sokoban Problem Description
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(define (domain sokoban)
(:requirements :typing )
types thing location direction)

predicates (move-dir ?v0 - location ?v1l - location ?v2 - direction)
is-nongoal ?v0 - location)

clear ?v0 - location)

is-stone ?v0 - thing)

is-player ?v0 - thing)

(:
(:
(1
(
(1
(at ?v0 - thing ?vl - location)
(1
(at-goal ?v0 - thing)

(

(

move ?v0 - direction)
is—-goal ?v0 - location)
)

; (:actions move)

(:action move
:parameters (?p - thing ?from - location ?to - location ?dir - direction)
:precondition (and (move ?dir)
(is-player ?p)
(at ?p ?from)
(clear ?to)
(move-dir ?from ?to ?dir))
ceffect (and
(not (at ?p ?from))
(not (clear ?to))
(at ?p ?to)
(clear ?from))

Figure 28: Sokoban Domain PDDL (Part 1)
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; Sokoban domain (continued)

(raction push-to-goal
:parameters (?p - thing ?s - thing ?ppos - location ?from - location ?to -
location ?dir - direction)
:precondition (and (move ?dir)
(is-player ?p)

(is—stone ?s)
(at ?p ?ppos)
(at ?s ?from)
(clear ?to)
(move-dir ?ppos ?from ?dir)
(move—-dir ?from ?to ?dir)
(is—goal ?to))
:effect (and

(not (at 7?p ?ppos))

(not (at ?s ?from))

(not (clear ?to))

(at ?p ?from)

(at ?s ?to)
(clear ?ppos)
(at—goal 7?s))

(:action push-to-nongoal
:parameters (?p - thing ?s - thing ?ppos - location ?from - location ?to -
location ?dir - direction)
:precondition (and (move ?dir)
(is-player ?p)

(1s—stone ?s)
(at ?p 7?ppos)
(at ?s ?from)
(clear ?to)
(move-dir ?ppos ?from ?dir)
(move—-dir ?from ?to ?dir)
(is—-nongoal ?to))
ceffect (and

(not (at ?p ?ppos))

(not (at ?s ?from))

(not (clear ?to))

(at ?p ?from)

(at ?s ?to)
(clear ?ppos)
(not (at-goal ?s)))

Figure 29: Sokoban Domain PDDL (Part 2)
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(define (problem sokoban-small)
(:domain sokoban)

(:objects
dir-down - direction
dir-left - direction
dir-right - direction
dir-up - direction

player-01 - thing
stone-01 - thing

pos-1-1 - location
pos—-1-2 - location
pos-1-3 - location

(:goal (and (at-goal stone-01)))
(:init
(at player-01 pos-1-1)
(at stone-01 pos-1-2)
(clear pos—-1-3)
(is—goal pos—-1-3)
(is—nongoal pos-1-1)
(is—nongoal pos-1-2)
(move dir-down)
(move dir-left)
(move dir-right)
(move dir-up)
(is-player player-01)
(is—-stone stone-01)
(move-dir pos-1-1 pos-1-2 dir-right)
(move-dir pos-1-2 pos—-1-1 dir-left)
(move-dir pos-1-2 pos-1-3 dir-right)
(move—-dir pos-1-3 pos—-1-2 dir-left)

Figure 30: Sokoban Problem PDDL

(push-to-goal player-01 stone-01 pos-1-1 pos—-1-2 pos-1-3 dir-right)

Figure 31: Sokoban Plan

8557



Domain Specification BlockStacking
Overview: Arrange blocks into stacks using actions that pick up, unstack, put down,
or stack blocks, adhering to constraints on hand state and block clarity.

Entity Types:
— block: Represents individual blocks that can be manipulated.

Predicates:

- HandEmpty: True when no block is being held.

— Holding (b: block): True when block b is in the hand.

— Clear(b: block): True when block b has no blocks on top of it and is not being
held.

- OnTable(b: block): True when block b is directly on the table.

- On(b: block, under: block): True when block b is immediately on top of block
under.

Actions:

Action: Pickup

Intent: Lift a single block from the table into the hand.
Parameters: b (block)

Preconditions:

- Positive: Clear(b), OnTable(b), HandEmpty
- Negative: None

Effects:

- Add: Holding(b)

— Delete: HandEmpty, OnTable(b), Clear (b)

— Conditional: None

Action: Unstack

Intent: Remove a block from on top of another block and hold it.
Parameters: b (block), under (block)

Preconditions:

- Positive: Clear (b), On(b, under), HandEmpty

- Negative: None

Effects:

- Add: Holding(b), Clear (under)

— Delete: On (b, under), HandEmpty, Clear (b)

- Conditional: None

Action: Putdown

Intent: Place a held block onto the table.
Parameters: b (block)

Preconditions:

— Positive: Holding (b)

- Negative: None

Effects:

— Add: OnTable(b), Clear(b), HandEmpty

— Delete: Holding (b)

— Conditional: None

Action: Stack

Intent: Place a held block onto another block.
Parameters: b (block), under (block)
Preconditions:

- Positive: Holding(b), Clear (under)

- Negative: None

Effects:

- Add: On (b, under), Clear(b), HandEmpty

— Delete: Holding(b), Clear (under)

- Conditional: None

Figure 32: NL-PDDL IR from the NL—PDDL pipeline.
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Problem Specification BlockArrangement
Context: Rearrange the blocks from their initial configuration to a specified goal
state involving multiple stacks and table placements.

Objects:
- block: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11

Initial State:

— Clear(l) holds
— Clear (2) holds
— Clear (3) holds
— Clear (8) holds

— Clear (9) holds

— Clear(10) holds
- HandEmpty holds
- OnTable (1) holds
— OnTable (2) holds
- OnTable (4) holds
— OnTable (6) holds
- OnTable (8) holds

— OnTable (11) holds

- On (3, 6) holds

- On(5, 4) holds

- On(7, 11) holds

- 0On(9, 5) holds

- On (10, 7) holds

- Note: Blocks not explicitly listed as On or OnTable (e.g., block 5) are not on
the table unless stated. For example, OnTable(5) is false because it is on block 4.

Goal Conditions:
On(l, 8) must hold
- On(2, 4) must hold
On(6, 1) must hold
- On(9, 6) must hold
— OnTable (3) must hold
— OnTable (4) must hold
— OnTable (5) must hold
— OnTable (7) must hold
(
(
(

— OnTable (8) must hold
— OnTable (10) must hold
— OnTable (11) must hold

Figure 33: NL-PDDL IR from the NL—PDDL pipeline.
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from dataclasses import dataclass, field
from typing import Dict, Set, Optional, Union, Tuple, List, Iterable, frozenset

@dataclass (frozen=True)
class State:

on:

clear: frozenset[int] # blocks that are clear (no blocks on top and not held)

Dict[int, Union[str, int]] # block —> ’'table’, another block,

held: Optionall[int] # the block being held, or None

class Action:

def

def

def

__init__ (self, name: str, params: Tuple):
self.name = name
self.params = params

is_applicable(self, state: State) -> bool:
raise NotImplementedError

apply (self, state: State) —-> State:
raise NotImplementedError

class PickupAction (Action) :

def

def

def

__init_ (self, block: int):
super () .__init__ ("pickup", (block,))
self.block = block

is_applicable(self, state: State) —-> bool:
b = self.block
return (state.on[b] == ’'table’ and

b in state.clear and

state.held is None)

apply (self, state: State) —-> State:
new_on = state.on.copy ()
new_on[self.block] = "held’

new_clear = set (state.clear)
new_clear.remove (self.block)
new_clear = frozenset (new_clear)

new_held = self.block

return State (new_on, new_clear, new_held)

class UnstackAction (Action) :

def

def

def

__init_ (self, block: int, under: int):
super () .__init__ ("unstack", (block, under))
self.block = block

self.under = under

is_applicable(self, state: State) -> bool:

return (state.on[self.block] == self.under and
self.block in state.clear and
state.held is None)

apply (self, state: State) —-> State:
new_on = state.on.copy ()

new_on[self.block] = "held’

new_clear = set (state.clear)
new_clear.remove (self.block)

Figure 34: PythonSim IR from the PythonSim—PDDL pipeline (Part 1 of 3).
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new_clear.add(self.under)
new_clear = frozenset (new_clear)

new_held = self.block
return State (new_on, new_clear, new_held)

class PutdownAction (Action) :
def _ _init_ (self, block: int):
super () .__init__ ("putdown", (block,))
self.block = block

def is_applicable(self, state: State) —-> bool:
return state.held == self.block

def apply(self, state: State) —-> State:
new_on = state.on.copy ()
new_on[self.block] = "table’

new_clear = set (state.clear)
new_clear.add(self.block)
new_clear = frozenset (new_clear)

new_held = None
return State (new_on, new_clear, new_held)

class StackAction (Action) :

def _ init_ (self, block: int, under: int):
super () .__init__ ("stack", (block, under))
self.block = block
self.under = under

def is_applicable(self, state: State) —-> bool:

return (state.held == self.block and
self.under in state.clear and
self.block != self.under)

def apply(self, state: State) —-> State:
new_on = state.on.copy ()
new_on[self.block] = self.under

new_clear = set (state.clear)
new_clear.remove (self.under)
new_clear.add(self.block)
new_clear = frozenset (new_clear)

new_held = None

return State (new_on, new_clear, new_held)

def available_actions(state: State) -> Iterable[Action]:
actions = []
# Pickup
for b in state.on:
if state.on[b] == ’"table’ and b in state.clear and state.held is None:

actions.append (PickupAction (b))

# Unstack

Figure 35: PythonSim IR from the PythonSim—PDDL pipeline (Part 2 of 3).
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for b in state.on:
if state.on[b] not in (’table’, ’"held’):
under = state.on[b]
if b in state.clear and state.held is None:
actions.append (UnstackAction (b, under))

# Putdown
if state.held is not None:
actions.append (PutdownAction (state.held))

# Stack
if state.held is not None:
b = state.held
for under in state.clear:
if under != Db:
actions.append(StackAction (b, under))

return actions

def execute (action: Action, state: State) —-> State:
return action.apply (state)

Figure 36: PythonSim IR from the PythonSim—PDDL pipeline (Part 3 of 3).

8562



from typing import List, Tuple

def initial_state() —-> State:

on = {
1: "table’,

2: "table’,

3: 6,

4: "table’,

5: 4,

6: "table’,

7: 11,

8: ’"table’,

9: 5,

10: 7,

11: ’"table’

}

clear = frozenset ({1, 2, 3, 8, 9, 10})

held = None

return State (on, clear, held)

def is_goal (state: State) —-> bool:
return (state.held is None and

state.on[1l] == 8 and
state.on[2] == 4 and
state.on[6] == 1 and
state.on[9] == 6 and
state.on[3] == ’'table’ and
state.on[4] == "table’ and
state.on[5] == "table’ and
state.on[7] == "table’ and
state.on[8] == ’'table’ and
state.on[10] == ’'table’ and
state.on[1l1l] == "table’)

def solve(limit: int = 1024) -> List[Action]:
from collections import deque

frontier = deque ()
frontier.append((initial_state (), [1))
visited = set ()

while frontier and len(frontier) < limit:
state, plan = frontier.popleft ()
if is_goal (state):
return plan
if state in visited:
continue
visited.add (state)
for action in available_actions (state):
next_state = execute (action, state)
frontier.append((next_state, plan + [action]))
return []

Figure 37: PythonSim IR from the PythonSim—PDDL pipeline.
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from py2pddl import Domain, create_type
from py2pddl import predicate, action

class BlocksWorldDomain (Domain) :
Block = create_type("block")

@predicate (Block)
def clear(self, Db):
"""Block is clear (no blocks on top and not held)"""

@predicate (Block, Block)
def on(self, b, under):
"""Block b is on top of block under"""

@predicate (Block)
def on_table(self, b):
"""Block is on the table"""

@predicate (Block)
def holding(self, b):
"""Block is being held"""

@predicate ()
def hand_empty (self):
mn "Hdl’ld lS empty" nn

Qaction (Block)
def pickup(self, b):
precond = [
self.hand_empty (),
self.clear (b),
self.on_table (b)
]
effect = |
~self.hand_empty (),
self.holding (b),
~self.on_table (b),
~self.clear (b)
1

return precond, effect

Qaction (Block, Block)
def unstack(self, b, under):
precond = [
self.hand_empty (),
self.clear (b),
self.on (b, under)
]
effect = [
~self.hand_empty (),
self.holding (b),
~self.on (b, under),
~self.clear (b),
self.clear (under)
]

return precond, effect

@Qaction (Block)
def putdown(self, Db):
precond = [

Figure 38: PyPDDL IR from the PyPDDL—PDDL pipeline (Part 1 of 2).
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self.holding (b)

]

effect = [
~self.holding(b),
self.hand_empty (),
self.on_table(b),
self.clear (b)

]

return precond, effect

Qaction (Block, Block)
def stack(self, b, under):
precond = [
self.holding(b),
self.clear (under)
]
effect = [
~self.holding (b),
self.hand_empty (),
self.on (b, under),
~self.clear (under),
self.clear (b),
~self.on_table (b)
]

return precond, effect

Figure 39: PyPDDL IR from the PyPDDL—PDDL pipeline (Part 2 of 2).
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from py2pddl import init, goal
class BlocksWorldProblem (BlocksWorldDomain) :
def _ _init_ (self):
super () .__init__ ()

self.blocks = self.Block.create_objs(range(l, 12), prefix="block")
@init
def init (self):

clear = [
self.clear (self.blocks([0]), # blockl
self.clear (self.blocks[1l]), # block2
self.clear (self.blocks[2]), # block3
self.clear(self.blocks[7]), # block8
self.clear (self.blocks([8]), # block?9
self.clear (self.blocks[9]), # blockl0

]

hand_empty = [self.hand_empty ()]

on_relations = [
self.on(self.blocks[2], self.blocks[5]), # block3 on blocké6
self.on(self.blocks[4], self.blocks[3]), # block5 on block4
self.on(self.blocks[6], self.blocks[10]), # block7 on blockll
self.on(self.blocks[8], self.blocks[4]), # block9 on block5
self.on(self.blocks[9], self.blocks[6]), # blockl0 on block?

]

on_table = [
self.on_table(self.blocks[0]), # blockl
self.on_table(self.blocks[1l]), # block2
self.on_table(self.blocks[3]), # block4
self.on_table(self.blocks[5]), # blocké6
self.on_table(self.blocks[7]), # blockS8
self.on_table(self.blocks[10]), # blockll

]

return clear + hand_empty + on_relations + on_table

@goal
def goal (self):
goals = [
self.on(self.blocks[0], self.blocks[7]), # blockl on block8
self.on(self.blocks[1l], self.blocks[3]), # block2 on block4d
self.on(self.blocks[5], self.blocks[0]), # block6 on blockl
self.on(self.blocks[8], self.blocks[5]), # block9 on blocké6
self.on_table(self.blocks[2]), # block3 on table
self.on_table(self.blocks[3]), # block4 on table
self.on_table(self.blocks[4]), # block5 on table
self.on_table(self.blocks[6]), # block7 on table
self.on_table(self.blocks[7]), # block8 on table
self.on_table(self.blocks[9]), # blockl0 on table
self.on_table(self.blocks[10]), # blockll on table
]
return goals

Figure 40: PyPDDL IR from the PyPDDL—PDDL pipeline.
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(define
(domain blocks-world)
requirements :strips :typing)
types block)
:predicates
(clear ?b - block)
(on ?b - block ?x - block)
(ontable ?b - block)
(holding ?b - block)
(handempty)

(
(
(

(:action pickup
:parameters (?b - block)
:precondition (and (clear ?b) (ontable ?b) (handempty))
reffect (and (holding ?b) (not (clear ?b)) (not (handempty)) (not (ontable ?b)))

(:action unstack
:parameters (?b ?under - block)
:precondition (and (clear ?b) (on ?b ?under) (handempty))

ceffect (and (holding ?b) (clear ?under) (not (on ?b ?under)) (not (handempty))
(not (clear ?b)))
)
(:action putdown
:parameters (?b - block)
:precondition (holding ?b)
:effect (and (ontable ?b) (handempty) (clear ?b) (not (holding ?b)))
)
(:action stack

:parameters (?b ?under - block)
:precondition (and (holding ?b) (clear ?under))
ceffect (and (on ?b ?under) (handempty) (not (clear ?under)) (not (holding ?b))

(not (ontable ?b)))
)
)

Figure 41: PDDL IR from the PDDL—PDDL pipeline.

(define
(problem block_problem)
(:domain blocks—world)
(:objects blockl block2 block3 block4 block5 block6 block7 block8 block9 blockl0
blockll - block)
(:init
(clear blockl) (clear block2) (clear block3) (clear block8) (clear block9)
(clear block10)
(on block3 block6) (on block5 block4d) (on block7 blockll) (on block9 blockb)
(on blockl0 block7)
(ontable blockl) (ontable block2) (ontable block4d) (ontable block6) (ontable
block8) (ontable blockll)
(handempty)
)
(:goal
(and
(on blockl block8) (on block2 block4) (on block6 blockl) (on block9 block6)
(ontable block3) (ontable block4) (ontable blockb5) (ontable block7) (ontable
block8) (ontable blockl0) (ontable blockll)
)
)

Figure 42: PDDL IR from the PDDL—PDDL pipeline.
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You are an expert automated planner. Your task is to read a natural-language domain description and a
corresponding problem description, reason through the objects, actions, and goals, and output a valid plan.

Recall the distinctions:

- The *xdomain description** explains the general world: available action schemas, predicates, and object
types.

— The xxproblem description*x gives the concrete instance: specific objects, the initial state, and the
goals for this planning episode.

Planning output requirements:

- Think aloud inside <think>...</think> to lay out objects, preconditions, effects, and progress toward the
goals.
— Produce the final plan inside <plan>...</plan>. Each action must be on its own line in classical PDDL

plan syntax, e.g. ‘(move robotl roomA roomB) ‘.

- Maintain the execution order from top to bottom. Do not include step numbers, timestamps, or
probabilities.

— Only emit actions that are applicable given the initial state and that eventually achieve the goals.
- After the closing </plan> tag, do not add extra commentary.

Example format (replace names with the task-specific details):
<think>
reasoning about applicable actions
</think>
<plan>
(pick-up blockl hand)
(stack blockl block2)
(move robot rooml room2)
</plan>

Follow this template for every problem. EOF

Figure 43: Base instruction plan_instruction.
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PDDL domain file contains domain name, requirements, types of objects in the domain, predicates, and
actions.

Based on the natural language domain description, identify the actions that are possible.

Identify action sematics i.e. understand the preconditions under which that action could be done and the
effects of the action.

Then identify appropriate predicates that could enable action semantics i.e. preconditions and effects.
PDDL domain file has a definitive syntax that must be followed for any domain. An abstract example PDDL
domain file is given below:

<domain_file>
(define
(domain domain_name)
(:requirements :strips :typing)
(:types
typel
type2

:predicates
(predicatel ?argl - typel ?arg2 - type2)
(predicate2 ?argl - typel ?arg2 - type2)

raction actionl

:parameters (?argl - typel ?arg2 - type2 ?arg3 - type2)
:precondition (predicatel ?argl Z?arg2)

teffect (and (predicatel ?argl ?arg2) (predicate2 ?argl ?arg3)

raction action2
:parameters (?argl - typel ?arg2 - type2 ?arg3 - type2)
:precondition (and (predicatel ?argl ?arg2) (predicate2 2argl ?arg3))
teffect (predicate2 ?argl ?arg3)
)
)
</domain_file>

Notes for generating domain file:

- typel & type2 are only representative and should be replaced with appropriate types. There could be any
number of types.

— predicatel & predicate2 are only representative and should be replaced with appropriate predicates. There
could be any number of predicates.

— actionl & action2 are only representative and should be replaced with appropriate actions. There could be
any number of actions.

- argl & arg2 are only representative and should be replaced with appropriate arguments for predicates and
in preconditions and effects.

— predicates with proper arguments could be combined to combine complex boolean expression to represent
predicondition and effect

The braces should be balanced for each section of the PDDL program

- Use predicates with arguments of the right type as declared in domain file

- All the arguments to any :precondition or :effect of an action should be declared in :parameters as input
arguments

PDDL problem file contains problem name, domain name, objects in this problem instance, init state of
objects, and goal state of objects.

Based on the natural language problem description, identify the relevant objects for this problems with
their names and types.

Represent the initial state with the appropriate predicates and object arguments. Represent the goal state
with the appropriate predicates and object arguments.

PDDL problem file has a definitive syntax that must be followed for any problem. An abstract example PDDL
problem file is given below.

<problem_file>
(define
(problem problem_name)
:domain domain_name)
(:objects
objl obj2 - typel
obj3, obj4 - type2

:init (predicatel objl obj3) (predicate2 obj2 obj3))
:goal (and (predicatel objl obij4) (predicate2 obj2 obj3)))

)
</problem_file>

Notes for generating problem file:

- objl, obj2, ... are only representative and should be replaced with appropriate objects. There could be
any number of obects with their types.

- init state with predicatel & predicate2 is only representative and should be replaced with appropriate
predicates that define init state

- goal state with predicatel & predicate2 is only representative and should be replaced with appropriate
predicates that define goal state

— predicates with proper arguments could be combined to combine complex boolean expression to represent
init and goal states

— The braces should be balanced for each section of the PDDL program

— Use predicates with arguments of the right type as declared in domain file

- All the objects that would be arguments of predicates in init and goal states should be declared in
:objects

Figure 44: Base instruction %Blgy_pddl_inst ruction.



Natural language planning specifications serve as a blueprint for generating the exact PDDL domain and
problem files. Write in clear prose, but ensure every detail required for a faithful PDDL reconstruction is
present and testable.

Overall guidance:

— Organize the specification with labeled sections so the structure is obvious without PDDL syntax.

- Use precise terminology and consistent naming; anything omitted here cannot appear in the final PDDL.
- State facts, conditions, and effects explicitly. Avoid implication, ambiguity, or narrative fluff.

Domain description must include:
— Domain title and a one-sentence overview of the scenario.
— Complete list of entity types, subtyping relations when relevant, and the role each type plays.
- Exhaustive catalog of predicates. For each predicate, name every parameter, state its type, and clarify
exactly what the predicate means when true.
— Exhaustive catalog of actions. For each action, provide:

* Action title and concise intent.

* Parameter list with names and types, including any constraints or distinctness requirements.

* Preconditions broken out as positive conditions (facts that must hold) and negative conditions (facts
that must not hold), both referencing the predicates above.

* Effects split into add effects (facts that become true) and delete effects (facts that cease to hold).
Mention conditional effects separately if they exist.

* Any invariants or notes needed to enforce the same logical behavior as PDDL.

Problem description must include:

— Problem title and one-sentence context linking it to the domain.

- Exhaustive list of objects, grouped by type, using the exact type names from the domain section.

- Initial state described as bullet points or sentences, each mapping directly to a predicate instance that
should hold initially. Include explicit mention of facts that are false if the domain relies on them.

— Goal conditions stated explicitly, each tied to predicate instances. Distinguish between conjunctive and
disjunctive goals if applicable.

Formatting conventions:

— Stick to full sentences or crisp bullet points-no raw PDDL, no code blocks, no decorative markup.

- Maintain consistent vocabulary between domain and problem sections so predicates, actions, and objects
align exactly.

- If numeric fluents, temporal elements, or other advanced PDDL features are present, describe their roles,
bounds, and update rules explicitly.

— The specification must be sufficient for a separate model to regenerate the original PDDL without
guessing.

Abstract example (replace placeholders with the concrete content for the task at hand):
Domain Specification - DomainName

Overview: A single sentence summarizing the planning scenario.

Entity Types:

- Typel: Explanation of entities of this type and any subtype relationships.

- Type2: Explanation of entities of this type.

Predicates:

— predicatel (entityl: Typel, entity2: Type2): Meaning of the fact when true.

- predicate2 (entity: Type2): Meaning of the fact when true.

Actions:

Action: Actionl

Intent: Brief purpose of the action.

Parameters: entityl: Typel, entity2: Type2 (include distinctness constraints if required).
Preconditions:

- Positive: predicatel (entityl, entity2) must hold.

- Negative: predicate2 (entity2) must not hold.

Effects:

— Add: predicate2 (entity2) becomes true.

— Delete: predicatel (entityl, entity2) ceases to hold.

- Conditional: Describe any conditional effects explicitly, including their triggering conditions.
Action: Action2

Intent: Another representative action with its parameters, preconditions, and effects fully spelled out.

Problem Specification - ProblemName

Context: One sentence linking the problem to the domain.

Objects:

- Typel: objl, obj2 (brief descriptions optional).

- Type2: obj3, obj4.

Initial State:

- predicatel (objl, obj3) holds because

— predicate2 (obj4) is false (state explicitly if the domain depends on this).
Goal Conditions:

— Conjunctive goal requiring predicate2 (obj3) and predicate2 (obj4) to hold.
- Note disjunctions or temporal ordering if the problem includes them.

Figure 45: Base instruction n1_instruction.
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{{plan_instruction}}

### Domain description
{{domain_description}}

### Problem description

{{problem_description}}
Generate the plan for this instance following the required format.

Figure 46: Prompt template for plan_gen plan generation.

{{only_pddl_instruction}}

You are an expert PDDL engineer.
Create syntactically correct and mutually consistent domain and problem files using the information below.

### Original domain description
{{domain_description}}

### Original problem description
{{problem_description}}

Wrap only the final domain PDDL in <domain_file>...</domain_file> and the final problem PDDL in
<problem_file>...</problem_file>.

Figure 47: Prompt template for pdd1.

{{nl_instruction}}

Use the following natural-language descriptions to craft a complete planning specification in prose. Follow
the layout described above.

### Original domain description
{{domain_description}}

##4 Original problem description
{{problem_description}}

Wrap the final structured prose in <nl_summary>...</nl_summary>. Begin your reasoning with <think> so we
can inspect the chain of thought.
Do not emit any PDDL or code yet.

Figure 48: Stage-one prompt for n1_pddl.

{{only_pddl_instruction}}
You are an expert PDDL engineer.

Leverage the structured natural-language planning specification, along with the original descriptions, to
produce consistent domain and problem files. Always ground your final answer in the original domain and

problem descriptions shown below.

### Original domain description
{{domain_description}}

##4# Original problem description
{{problem_description}}

### Natural-language planning specification
{{nl_summary}}

Output syntactically correct PDDL. Wrap only the domain file in <domain_file>...</domain_file> and the

problem file in <problem_file>...</problem_file>.

Figure 49: Stage-two prompt for n1_pdd1.
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{{python_sim_instruction}}

### Domain description
{{domain_description}}

### Problem description
{{problem_description}}

Synthesise the Python planning simulator. Wrap the reusable domain code in <domain_file>...</domain_file>
and the problem-specific code in <problem_file>...</problem file>.

Figure 50: Stage-one prompt for pythonsim pddl.

{{only_pddl_instruction}}

You are an expert PDDL engineer. Using the natural-language descriptions and the Python simulator below,
produce syntactically correct and mutually consistent domain/problem PDDL files. Your answer must stay
aligned with the original domain and problem descriptions referenced above.

### Original domain description
{{domain_description}}

### Original problem description
{{problem_description}}

### Python simulator \- domain module
‘Y 'python
{{python_domain_module}}

o

### Python simulator \- problem module
‘Y 'python
{{python_problem_module}}

LRRNRY

Wrap only the final domain PDDL in <domain_file>...</domain_file> and the final problem PDDL in
<problem_file>...</problem_file>.

Figure 51: Stage-two prompt for pythonsim_pddl.

{{pypddl_instruction}}

### Domain description
{{domain_description}}

### Problem description
{{problem_description}}

Write the PyPDDL domain and problem classes. Wrap the domain in <domain_file>...</domain_file> and the
problem in <problem_file>...</problem_ file>.

Figure 52: Stage-one prompt for pypddl_pddl.

{{only_pddl_instruction}}

You are an expert PDDL engineer. Using the natural-language descriptions and the PyPDDL program below,
produce syntactically correct, mutually consistent domain and problem PDDL files. Keep the original
descriptions in mind throughout your answer.

### Original domain description
{{domain_description}}

### Original problem description
{{problem_description}}

### PyPDDL domain class
‘Y 'python
{{pypddl_domain_code}}

ERRNRY

### PyPDDL problem class
‘Y'python
{{pypddl_problem_code}}

ERRNRY

Wrap only the final domain PDDL in <domain_file>...</domain_file> and the final problem PDDL in
<problem_file>...</problem_file>.

Figure 53: Stage-two prompt for pypddl_pddl.
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{{pddl_instruction}}

Domain description:
{{domain_description}}

Problem description:
{{problem_description}}
Write the domain and problem files in minimal PDDL.

Wrap the domain inside <domain_file>...</domain_file> and the problem inside
<problem_file>...</problem_file>.

Figure 54: Stage-one prompt for pdd1_pddl.

{{pddl_instruction}}

Domain description:
{{domain_description}}

Problem description:
{{problem_description}}
Write the domain and problem files in minimal PDDL.

To aid the revision, the original natural-language descriptions are repeated above.
—————— Previous attempt start —--—----

[DOMAIN FILE]

{{stagel_domain_file}}

[PROBLEM FILE]
{{stagel_problem_file}}

777777 Previous attempt end -————-—-

Feedback from the planning solver:
{{stagel_solver_feedback}}

Revise the domain and problem to fix the issues. Output only the new domain wrapped in
<domain_file>...</domain_file> and the new problem wrapped in <problem_file>...</problem_file>.

Figure 55: Stage-two prompt for pdd1l_pddl.

{{pddl_instruction}}

Domain description:
{{domain_description}}

Problem description:
{{problem_description}}
Write the domain and problem files in minimal PDDL.

Wrap the domain inside <domain_file>...</domain_file> and the problem inside
<problem_file>...</problem_file>.

Figure 56: Stage-one prompt for pdd1l_pddl_pddl.

{{pddl_instruction}}

Domain description:
{{domain_description}}

Problem description:
{{problem_description}}
Write the domain and problem files in minimal PDDL.

To aid the revision, the original natural-language descriptions are repeated above.
—————— Previous attempt start —--——----

[DOMAIN FILE]

{{stagel_domain_file}}

[PROBLEM FILE]
{{stagel_problem_file}}

777777 Previous attempt end —-———————

Solver feedback:
{{stagel_solver_feedback}}

Revise the domain and problem to fix the issues. Output only the new domain wrapped in
<domain_file>...</domain_file> and the new problem wrapped in <problem_file>...</problem_file>.

Figure 57: Stage-two prompt for pdd1l_pddl_pddl.
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{{pddl_instruction}}

Domain description:
{{domain_description}}

Problem description:
{{problem_description}}
Write the domain and problem files in minimal PDDL.

Review the latest PDDL below together with the solver feedback and produce a final corrected version.

### Previous domain.pddl
‘Y 'pddl
{{stage2_domain_file}}

AIRRY

### Previous problem.pddl
Y 'pddl
{{stage2_problem_file}}

AIRRY

### Solver feedback
{{stage2_solver_feedback}}

Wrap the refined domain in <domain_file>...</domain_file> and the refined problem in
<problem_file>...</problem_file>.

Figure 58: Stage-three prompt for pdd1_pddl_pddl.
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