
Unifying Inference-Time Planning Language Generation

Anonymous ACL submission

Abstract

A line of work in planning uses LLM not to001
generate a plan, but to generate a formal repre-002
sentation in some planning language, which can003
be input into a symbolic solver to deterministi-004
cally find a plan. While showing improved trust005
and promising performance, dozens of recent006
publications have proposed scattered methods007
on a variety of benchmarks under different ex-008
perimental settings. We attempt to unify the009
inference-time LLM-as-formalizer methodol-010
ogy for classical planning by proposing a unify-011
ing framework based on intermediate represen-012
tations. We thus systematically evaluate more013
than a dozen pipelines that subsume most ex-014
isting work, while proposing novel ones that015
involve syntactically similar but high resource016
intermediate languages (such as a Python wrap-017
per of PDDL). We provide recipes for planning018
language generation pipelines, draw a series of019
conclusions showing the efficacy of their vari-020
ous components, and evidence their robustness021
against problem complexity. 1022

1 Introduction023

Large language models (LLMs) have been exten-024

sively applied to classical planning, an important025

step for complex problem solving in artificial in-026

telligence. Given a textual description of the do-027

main and problem of an environment, LLMs of-028

ten directly generate a sequence of actions in an029

end-to-end manner (Wei et al., 2025). Despite030

much better domain adaptation ability than sym-031

bolic methods, the LLM-as-planner methodology032

is not verifiable and interpretable by nature, in033

addition to underperforming complex problems034

(Valmeekam et al., 2023a). Alternatively, a re-035

cent line of work re-imagines the role of LLMs036

not to generate the plan, but to generate a formal037

program in languages such as the Planning Do-038

1Our code and data are attached with the submission.

main Definition Language (PDDL). Such a pro- 039

gram is input into a formal solver to deterministi- 040

cally search for a plan (Tantakoun et al., 2025). 041

The LLM-as-formalizer methodology (Figure 1) 042

has been widely advocated in literature due to its re- 043

portedly better performance and formal guarantees 044

compared to LLM-as-planner (Liu et al., 2023). 045

However, the success of LLM-as-formalizer in pre- 046

vious work has primarily been tied to closed-source 047

LLMs that are likely huge in terms of parameters 048

and esoteric in terms of engineering. In contrast, 049

preliminary experiments on open-source, smaller 050

LLMs have been shown to exhibit much lower 051

performance (Huang and Zhang, 2025), severely 052

hindering the accessibility and democratization of 053

LLM-assisted planning. Moreover, most if not all 054

past work has employed unsystematic designs of 055

pipelines of piecemeal techniques, hence the direc- 056

tion of improvement remains unclear. 057

In this work, we attempt to unify the 058

LLM-as-formalizer methodology for classical plan- 059

ning. We first propose a theoretical framework 060

based on the number and interplay of interme- 061

diate representations (IR). This framework sub- 062

sumes most if not all prior work on planning lan- 063

guage generation while opening new paths for ex- 064

perimentation. Concretely, we propose the use 065

of a high-resource but syntactically similar IR, 066

namely a Python wrapper of PDDL, to achieve 067

competitive performance. We systematically in- 068

stantiate and evaluate pipelines that subsume most 069

prior work and validate the challenge for open- 070

source, mid-sized LLMs no more than 32B pa- 071

rameters. On 4 standard benchmarks (IPC, 1998), 072

we show that IR and revision by solver feed- 073

back are the keys ingredients of a successful 074

LLM-as-formalizer pipeline, which consistently 075

outperforms LLM-as-formalizer especially when 076

the problem complexity increases. Even so, other 077

intuitive methods such as constrained decoding by 078

grammar or a natural language IR resembling chain- 079
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Domain

Problem

You can move one block at 
once. You can only pick up 
a block from this table 
only if there’s nothing on 
top of it and put it down 
on the table. You can also 
unstack or stack a block on 
another block.

You see a red block on a 
blue block on the table. 
You’d like to reverse them.

Formalization in PDDL
Domain File (DF) Problem File (PF)

Plan

(define (domain blocksworld)
  (:predicate
    (on ?x ?y) (ontable ?x)
    (clear ?x) (holding ?x) …)
  (:action pick-up
    :parameters (?x)
    :precondition (and
      (ontable ?x) (clear ?x) …)
    :effect (and (holding ?x)
      (not (ontable ?x)) …)
  (:action put-down …)
  (:action unstack …)
  (:action stack …))

(define (problem 
    reverse-two-blocks)
  (:domain blocksworld)
  (:objects red blue)
  (:init 
    (on red blue)
    (ontable blue)
    (clear red) …)
  (:goal (and
    (on blue red)
    (ontable red)
    (clear blue)))
)

unstack(red, blue)
put_down(red)
pick_up(blue)
stack(blue, red)

LLM-as-planner

Solver

L
L

M
-as-form

alizer

Evaluator

Gold PDDL
(define 
 (domai
  (:pre
  (:act

(define 
 (:doma
  (:obj
  (:ini

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.

of-thought do not improve performance over end-080

to-end PDDL generation. We pose this work as081

a building block to greatly accelerate progress in082

LLM-as-formalizer and planning.083

2 Task Formulation084

We will first formally define the classical planning085

task in line with established literature of STRIPS086

(Fikes and Nilsson, 1971) and recent conventions in087

the natural language processing community (Huang088

and Zhang, 2025), before introducing our theoretic089

framework for LLM-as-formalizer.090

Formally, the input I of a classical planning task091

consists of a triplet (Dd, Dp,DF ′
G), where:092

1. Dd is a textual description of the domain, speci-093

fying the types (the type system for entities e),094

predicates (in relation to the types), and actions095

A including pre-conditions and effects (parame-096

terized by conjunctive logical formulas over the097

the predicates).098

2. Dp is a textual description of the problem, spec-099

ifying the objects, initial states and goal states100

in terms of predicates;101

3. DF ′
G is the header of the ground-truth PDDL do-102

main file DFG that only provides the names and103

parameters of the actions. This is required so104

that the eventual plan is grounded to an existing105

ontology and can be evaluated fairly.106

The final objective is a plan L =107

[a1(ē1), . . . , am(ēm)], where each ai ∈ A is108

an action provided by DF ′
G , and each ēi is a109

tuple of grounded entities corresponding to the110

parameters of ai. The plan L, when executed in111

the environment expressed by a ground-truth DFG112

and PFG , must (i) be executable, fulfilling the113

pre-conditions of each action, and (ii) constitutes114

a successful transition from the initial states and 115

goal states. 116

The domain file DF is defined by three main 117

components: types (T ), predicates (R), and action 118

semantics (am, ap, ae): 119

1. Types: T = t1, . . . , tn is the set of entity types 120

present in the environment. 121

2. Predicates: R = r1, . . . , rn is the set of rela- 122

tional predicates, each in the form of r(t̄), where 123

t̄ is a tuple of types that participate in relation r. 124

3. Action semantics: given an action a ∈ A, am, 125

ap and ae are its parameters, pre-conditions 126

and effects. The parameters am are a set of 127

types t̄ that participate in this action. The pre- 128

conditions ap are a set of predicates r̄ that must 129

hold true for this action to be executed. The 130

effects ae are a set of new predicates r̄′ of which 131

the new state takes the value after the execution 132

of this action. 133

The problem file PF is defined by three main 134

components: objects (E), the initial state (s0), and 135

the goal state (ψgoal): 136

1. Objects: E = e1, . . . , en is the set of named 137

entities present in the environment. Each object 138

is an instance of an entity type defined in DF ′
G . 139

2. Initial State: s0 ∈ S is a set of relational facts 140

of the form r(ē), where r ∈ R is a relational 141

predicate defined in D; ē is a tuple of entities 142

from E that participate in relation r. 143

3. Goal State: ψgoal : S → B is a boolean formula 144

over relational facts, where S is the state space 145

and B = {True,False}. When ψgoal(s
∗) = 146

True, state s∗ achieves the problem goal. 147

Here, the state space S comprises all possible 148

configurations of relational facts over the object 149

set E with the predicates R. Each state s ∈ S is 150
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a set of instantiated facts r(ē), describing which151

relations hold among the objects. Successfully ex-152

ecuting a plan L from the initial state s0 yields a153

sequence of intermediate states s1, s2, . . . , s∗ such154

that the goal formula ψgoal(s
∗) evaluates to True.155

While an end-to-end LLM-as-planner pipeline156

maps the input triplet I directly to a plan L, in this157

work we focus on LLM-as-formalizer pipelines158

which instead generate the domain file DFP and159

PFP before inputting them into a PDDL solver to160

search for a plan.161

3 Framework and Related Work162

We propose a theoretical framework for LLM-163

based classical planning revolving around levels of164

intermediate representations (IR), where the num-165

bering of levels corresponds to the number of IRs166

involved.167

• Level 0: I → L168

• Level 1: I → PDDL ; L169

• Level 2: I → IR → PDDL ; L170

• Level 3: I → IR → IR → PDDL ; L171

• Level 4: . . .172

Level 0 is essentially LLM-as-planner, mapping173

the input I to the plan L. While it is possible to174

involve IR in this level as a chain-of-thought, we do175

not discuss it as our focus is on LLM-as-formalizer176

represented by the other levels, where PDDL is177

always the final IR before the plan. We can thus178

increase the level of complexity of a pipeline with179

more IRs. To instantiate a pipeline with the formu-180

lation above, we will first discuss the choice of IRs181

before the choice of modules.182

Choice of IR IRs used in past work include:183

1. A natural language, where the LLM converts184

the input description into a free-form representa-185

tion that facilitate later PDDL generation. This186

representation can range from loose sentences187

(Zhang et al., 2024; Hu et al., 2025) to a semi-188

formal data structure (Wong et al., 2024; Hao189

et al., 2025), but in any case cannot be executed190

by an external solver. Such a conversion can in-191

volve information extraction, chain-of-thought,192

or summarization.193

2. Another PDDL, where the module that takes194

one PDDL as input and outputs another is a195

revision module discussed in details below.196

We will show in later discussions that neither of197

these two IRs are sufficiently effective for open-198

source, mid-size LLMs generating PDDL, as one199

is too distant from the generation target while200

PDDL itself is too low-resource. We draw inspira- 201

tion from related work in program synthesis that 202

suggests high-resource languages (Cassano et al., 203

2024; Zhang et al., 2025) may be effect IRs for 204

generating low-resource languages like PDDL. We 205

also note from previous work that the rigid and par- 206

ticular syntax of PDDL calls for a syntax alignment 207

with an IR. Based on these criteria, we additionally 208

propose two fully formal IRs: 209

3. Python simulator, where the LLM is instructed 210

to generate a Python code that simulates the 211

domain and the problem. We place minimal 212

requirement on the structure of the code to 213

leverage the coding ability of high-resource pro- 214

gramming languages. We require the generated 215

Python code to be directly executable to return 216

a plan, though in this work treat it as an IR that 217

we transpile to PDDL to take advantage of the 218

optimized planners. 219

4. PyPDDL, where the LLM is instructed to gener- 220

ate Python code in a specific wrapper for PDDL 221

referred to as PyPDDL2. The documentation for 222

PyPDDL is provided in the prompt along with 223

a domain-agnostic example. While the library 224

does not provide a solver, implementing one is 225

feasible as the language is fully formal. Even 226

so, in this work we again transpile the PyPDDL 227

code to PDDL either deterministically with tools 228

from the library or with an LLM. 229

Examples of IRs are shown in Appendix F. 230

Choice of Modules I → L: In general plan- 231

ning tasks, there exists much prior work of 232

LLM-as-planner that generates plans in an end-to- 233

end manner (Valmeekam et al., 2023a,b, 2025). 234

This line of work commonly involves LLM agents. 235

Common techniques include reasoning before plan- 236

ning (Yao et al., 2023), task decomposition (Prasad 237

et al., 2024), reflection after planning (Majumder 238

et al., 2024), continuous learning (Wang et al., 239

2024), and so on. As a complete survey exists (Wei 240

et al., 2025), we do not dive into more discussions. 241

I → PDDL: In PDDL-based classical plan- 242

ning, most existing work of LLM-as-formalizer 243

generates various parts of the PDDL without in- 244

volving additional IR. The generation target in- 245

cludes the goal states (Xie et al., 2023), problem 246

file (Liu et al., 2023; Zuo et al., 2025), action 247

semantics (Zhang et al., 2024; Zhu et al., 2025; 248

Hu et al., 2025), domain file (Guan et al., 2023; 249

Wong et al., 2024), and complete PDDL (Huang 250

2https://github.com/remykarem/Py2PDDL
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and Zhang, 2025; Gong et al., 2025) like us. Fol-251

lowing cited work, we do not consider methods252

that require supervised training due to the extreme253

low-resource nature of PDDL. Common inference254

techniques include basic few-shot prompting (e.g.,255

Xie et al. (2023)), where the LLM is prompted via256

in-context learning with some exemplars to trans-257

late the natural language Dd and/or Dp into PDDL258

DF and/or PF . We do this by default with a259

prompt that introduces the basic structure of PDDL260

with a domain-agnostic example. Other techniques261

include sequential generation (e.g., Gong et al.262

(2025)), where the LLM generates DF and/or PF263

sequentially instead of at once with distinctive264

prompts, or retrieval of documentation (e.g., Wang265

and Zhang (2025)), where the LLM retrieves the266

documentation of the PDDL language along with267

examples before generation. We consider those268

contemporaneous techniques out of scope.269

PDDL ; L: All cited work above use a sym-270

bolic PDDL solver such as Fast Downward planner271

(Helmert, 2006), as do we. Another strand of work272

has used LLMs in lieu of such solvers to take PDDL273

as input and outputs a plan (Stein et al., 2025), or to274

generate programs that emulate such solvers (Silver275

et al., 2024; Chen et al., 2025).276

PDDL −→∗ PDDL: This represents a revision277

module, where the LLM first generates an initial278

PDDL, before revising it multiple times (−→∗). In279

conjunction with the PDDL solver, the validity of280

the predicted PDDL along with syntax error mes-281

sages are typically provided to the LLM for re-282

generation, denoted as →FB (Zhu et al., 2025; Hu283

et al., 2025). It is also possible to revise PDDL284

solely based on LLMs’ own feedback without in-285

voking the solver.286

IR −→∗ IR: A generated IR can also be revised287

similarly. However, not all IRs can work with a288

formal solver, so we rely on the LLM to optionally289

revise them without indication if their correctness.290

IR → PDDL: Overall, higher-order chaining of291

general purpose IRs (e.g., natural language, JSON)292

has proven effective for non-PDDL planning lan-293

guage generation (Wong et al., 2024; Hao et al.,294

2025). In our work, we specifically propose IRs295

with high syntax alignment with PDDL. To tran-296

spile an IR to PDDL, we rely on either (i) a de-297

terministic rule-based transpiler or (ii) an LLM.298

We default to the latter following cited work and299

discuss the former in a later ablation study.300

Non-PDDL Planning Languages Even in plan- 301

ning, LLM-as-formalizer is a general methodology 302

that can be instantiated with many planning lan- 303

guages other than PDDL, including satisfiability 304

modulo theories (SMT) (Guo et al., 2024; Hao 305

et al., 2025), linear temporal logic (LTL) (Yang 306

et al., 2023; Li et al., 2024), Answer Set Program- 307

ming (Lin et al., 2024), action languages (AL) 308

(Ishay and Lee, 2025), and so on. While our work is 309

largely applicable to any planning language (except 310

for IRs requiring affinity to a particular language), 311

we only study PDDL which is widely used in lit- 312

erature and also the language that underlies many 313

classical planning benchmarks. 314

4 Experimental Setup 315

Datasets. We consider 4 simulated planning envi- 316

ronments highly common in cited literature. First, 317

we have BlocksWorld, Logistics, and Sokoban 318

from the International Planning Competition (IPC, 319

1998). These domains represent object manip- 320

ulation and range from 4 actions to 12 actions. 321

We use the moderately templated version of the 322

datasets from Huang and Zhang (2025). Next, we 323

have CoinCollector (Yuan et al., 2019), a partially 324

observable navigation domain, which convert to 325

be fully observable just as the other three. The 326

dataset of each environment comes with 100 tu- 327

ples of domain description, problem description, 328

ground-truth domain and problem files. Exam- 329

ples are shown in Appendix E. While we focus 330

on Moderately-Templated descriptions as in prior 331

work (Huang and Zhang, 2025), we also experi- 332

ment with Natural descriptions for key pipelines, 333

two models, and two domains with results in Ap- 334

pendix A that aligns with our overal conclusions in 335

this work. 336

Metrics. We use syntactic and semantic accuracy 337

to assess the generated PDDL. Syntactic accuracy 338

is the percentage where no syntax error are re- 339

turned by the planning solver.Plan accuracy is the 340

percentage where a plan is not only found by the 341

solver but also correct based on validation. We use 342

the dual-bfws-ffparser planner (Muise, 2016) 343

to solve for the plan and VAL (Howey et al., 2004) 344

to validate the plan against the ground-truth PDDL. 345

Pipelines. We instantiate an array of pipelines 346

based on our previously introduced framework. Re- 347

call that we define the level of a pipeline as the 348

number of IRs (including PDDL) it involves. We 349

notate each pipeline as the intermediate IRs in- 350
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Lv. Input 1st IR 2nd IR 3rd IR Output Description Example work

0 I → L LLM-as-planner (ϕ) 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).

2

I → NL → PDDL ; L Generating an NL description of the
actions and entity states before PDDL

NL IR used in Silver et al. (2024) and
in Ishay and Lee (2025) for non-PDDL
planning language generation.

I → PyPDDL → | ; PDDL ; L †Transpiling a PyPDDL program to PDDL
either with Py2PDDL (;) or by an LLM
(→).

N/A

I → PySim → PDDL ; L †Generating a Python-based simulator
before translating to PDDL.

N/A

I → PDDL →FB? PDDL ; L Refining the generated PDDL once (with
or without the solver feedback).

Revision with solver feedback (→FB) (Zhu
et al., 2025; Hu et al., 2025).

3
I → PyPDDL → PDDL → PDDL ; L †Generating a PyPDDL wrapper before

generating PDDL that receives one
revision.

N/A

I → PDDL → PyPDDL → PDDL ; L †Generating PDDL first and then generat-
ing PyPDDL wrapper followed by PDDL
generation.

N/A

I → PDDL →FB? PDDL →FB? PDDL ; L Iteratively refining the PDDL program
twice (with or without solver feedback).

Iterative refinement with solver feedback
(→FB) (Zhu et al., 2025; Hu et al., 2025).

Table 1: Pipelines that we evaluate in this work, ranging from level 0 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.

volves, excluding the input description I and the351

output plan L. For example, PDDL → PDDL de-352

notes a pipeline I → PDDL → PDDL ; L. The353

evaluated pipelines are illustrated in Table 1, rang-354

ing from level 0 to level 3. We do not consider level355

4 onward pipelines.356

Models. We evaluate 4 recent and best performing357

open-source LLMs, QwQ-32B, Qwen3-32B, gpt-358

oss-120b (total 117B with 5.1B active parameters),359

and GLM-4.5-Air-FP8 (total 106B with 12B active360

parameters) We use vLLM (Kwon et al., 2023) to361

speed up inference and set temperature of 0.4 for362

each of our experiments on one H100 GPU. We363

report mean of three runs and their standard devia-364

tion is shown as error bars. Examples of prompts365

are shown in Appendix G.366

5 Results and Discussions367

With our unifying framework, we present a com-368

prehensive evaluation for inference-time LLM-369

assisted planning focusing on PDDL generation.370

5.1 The Effect of Level 371

Figure 2 shows the performance of 4 LLMs 372

with representative pipelines for each level on 373

BlocksWorld and Logistics. Overall, the highest 374

plan accuracy is achieved by a Level 3 pipeline 375

(PDDL → PDDL → PDDL) involving 3 IRs, in 376

6 out of 8 LLM-domain combinations. Generally, 377

our finding recommends a higher level pipeline 378

that involves IRs and revisions, for the LLM-as- 379

formalizer methodology, that is inline with findings 380

from existing work. 381

However, as real-life planning applications can- 382

not assume unlimited computational resource. 383

Therefore, we now consider the most resource- 384

constrained case of Level 0 and Level 1 pipelines 385

where the most costly step, an LLM genera- 386

tion, happens once. The comparison between 387

the vanilla LLM-as-planner (ϕ) and LLM-as- 388

formalizer (PDDL-base) has no clear winner (3 389

against 5 in 8 LLM-domain combinations), corrob- 390

orating similar claims in recent work that evalu- 391

ated reasoning LLMs with inference-time scaling 392

(Huang and Zhang, 2025; Amonkar et al., 2025). 393

With one more IR, the best Level 2 LLM-as- 394
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Figure 2: The performance of four LLMs with a representative pipeline from each of the levels.

formalizer pipeline always outperforms LLM-395

as-planner and also the Level 1 pipelines in all396

8 out of 8 cases. This finding cautions against397

generating planning languages with merely one398

LLM call.399

5.2 The Effect of IR400

We now zoom onto Level 2 with one additional401

IR before the final PDDL to be generated. Our402

pipelines are instantiated with 4 types of IR: NL,403

Python Simulator, PyPDDL, and PDDL, with re-404

sults in Figure 3. Compared to Level 1, NL as an405

IR consistently hurts performance. Python Simula-406

tor is similar yet sometimes improves performance.407

In contrast, PyPDDL and PDDL as IRs consis-408

tently improves performance. Notably, PyPDDL409

→ PDDL and PDDL →FB PDDL out-performs410

each other in half of the 8 LLM-domain combi-411

nations. Without the solver feedback but with the412

LLM feedback, the PDDL → PDDL pipeline loses413

its advantage of revision. Whenever invoking the414

solver may be costly, this finding presents the com-415

munity an alternative to revision with solver feed-416

back: transpilation from a syntax-aligned IR to the417

target language. Figure 4 shows qualitative exam-418

ples of different IRs and their typical mistakes. 419

For any pipeline that involves PyPDDL → 420

PDDL, recall that PyPDDL is a formal language 421

where a solver could be defined in situ (though, this 422

is a non-trivial effort) yet is not provided by the 423

library we use, so we default to using the LLM 424

to transpile PyPDDL to PDDL to leverage the 425

PDDL solver. As an ablation study, we also attempt 426

to perform transpilation deterministically using 427

Py2PDDL library (denoted as PyPDDL ; PDDL). 428

One may expect such a deterministic transpilation 429

to outperform LLM generating PDDL, consider- 430

ing Python is much higher-resource than PDDL. 431

Transpilation with Py2PDDL performs much worse 432

than LLM-based transpilation. For instance, with 433

accuracy 16% vs 68% for QwQ-32B model in 434

BlocksWorld. The generated PyPDDL tends to 435

not follow non-trivial way of representing different 436

PDDL components. As shown in Figure 4, a set 437

of blocks created by create_objs is mistakenly 438

treated as a List instead of a Dict. 439

Based on the comparison of level 3 pipelines 440

in Figure 3, PyPDDL is effective before revision 441

but not during. This informs the architecture of 442

pipelines with IR that maximize performance by 443
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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)

effectively using all LLM calls.444

All the results with performance of 4 LLMs and445

12 pipelines on BlocksWorld, Logistics, Sokoban,446

and CoinCollector are shown in Appendix C. We447

focus on the first two domains here due to space448

limitation and relatively consistent findings.449

5.3 Robustness against Complexity450

Recent work has cast doubt on the ability of LLM,451

both as a planner and as a formalizer, to scale452

with the problem complexity (Shojaee et al., 2025;453

Lin et al., 2025; Amonkar et al., 2025). For ex-454

ample, the BlocksWorld dataset evaluated in this455

work ranges from 2 to 15 blocks, while other cited456

previous work often relied on datasets with even457

smaller entity space. In real-life applications such458

as robotics or logistics, current benchmarks do459

not help understand LLMs’ robustness in plan-460

ning for complex problems, either as planners or as461

formalizers. Therefore, we specifically construct462

BlocksWorld problems with increasing number of463

entities (blocks), ranging from 10 to 50, with an464

increment of 10 and 10 problems per bucket. We 465

evaluate the robustness of some of the most com- 466

monly used and best-performing pipelines LLM- 467

as-planner (Level 0) and three LLM-as-formalizer 468

pipelines including PDDL (Level 1), PyPDDL → 469

PDDL, and PDDL → PDDL (Level 2). 470

Figure 5, clearly shows that while all methods 471

degrade with complexity, LLM-as-formalizer is 472

much more robust than LLM-as-planner. We 473

observe that, as the number of blocks approaches 474

20, the performance of LLM-as-planner halves 475

compared to 10; approaching 50, its performance 476

drops to zero. In contrast, all LLM-as-formalizer 477

pipelines are more robust to increased entity-space 478

complexity despite reduction in performance. No- 479

tably, directly generating PDDL (Level 1) loses no 480

more than 20% plan accuracy as the number of 481

entities increases from 10 to 50. In comparison, the 482

Level 2 pipelines perform better with less entities, 483

but degrade more severely with more entities. 484

Situated among recent studies, our findings cor- 485

roborate the claim that even reasoning LLMs with 486
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Domain Description
Problem Description

Plan NL-PDDL PyPDDL

PDDL

(define (domain blocksworld)
  (:requirements :strips)
(:predicates (clear ?x)
             (on-table ?x)
…
(:action pickup …
(:action putdown
  :parameters  (?ob)
  :precondition (holding ?ob)
  :effect (and (clear ?ob) (on-table ?ob) 
               (not (holding ?ob))))
…
(define (problem blocks-problem)
    (:domain blocks)
    (:objects
        1 2 3 4 5 6 7 8 9 10 11 12 13 14 - block)
    (:init …) …

(unstack block2 block1)
(putdown block2)
(stack block1 block9)
(pickup block2)
(stack block2 block5)
(unstack block11 
block14)
(stack block11 block1)
(unstack block12 
block13)
(stack block12 block2)
(pickup block14)
(stack block14 block12)
(pickup block9)
(stack block9 block14)
(unstack block6 block8)
(putdown block6)
(unstack block8 block10)
(stack block8 block6)
(unstack block10 block4)
(stack block10 block3)
(pickup block13)
(stack block13 block7)

BlockStackingDomain
Entity Types:
- block: Physical objects …
- hand: A single robotic hand ..
Predicates:
- clear(?b - block): True when 
block ?b has no blocks on top of it 
and is not being held.
…
Actions:
Action: pickup
Parameters: ?b - block
Preconditions:
- Positive: on-table(?b), 
empty-hand()
- Negative: holding(?b)
Effects:
- Add: holding(?b)

BlockStackingProblem
Objects:
- block: b1, b2, b3, …
Initial State:
- on(b1, b5), on(b2, b1), on(b6, 
b8), on(b8, b10), on(b10, b4),
Goal Conditions:
…

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

    @predicate(Block, Block)
    def on(self, b1, b2):
        """block b1 is on block b2"""
    …
    @action(Block)
    def pickup(self, b):
        precond = [self.handempty(), self.clear(b), 
self.ontable(b)]
        effect = [~self.handempty(), ~self.ontable(b), 
self.holding(b)]
        return precond, effect
    …

class BlocksWorldProblem(BlocksWorldDomain):
    def __init__(self):
        super().__init__()
        self.blocks= 
BlocksWorldDomain.Block.create_objs(
            [1,2,3,4,5,6,7,8,9,10,11,12,13,14], prefix="b")
    @init
    def init(self):
        b = self.blocks
        return [
            self.clear(b[2]), self.clear(b[4]), self.clear(b[6]), 
…,

(define (domain blocksworld)
  (:requirements :strips)
(:predicates (clear ?x)
             (on-table ?x)
…
(:action pickup …
(:action putdown
  :parameters  (?ob)
  :precondition (holding ?ob)
  :effect (and (clear ?ob) (on-table ?ob) 
               (not (holding ?ob))))
(:action unstack
…

(define (problem blocks-problem)
  (:domain blocks)
  (:objects
    b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 
b13 b14 - block)
  (:init
    (clear b2) (clear b9) (clear b6) …)
  (:goal (and
    (on b1 b9) (on b2 b5) (on b7 b14) (ontable 
b5) (ontable b3) …
  ))
)

Revised PDDL

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, block 11 is on top of block 14, 
block 12 is on top of block 13, block 3 is on the 
table, block 4 is on the table, block 5 is on the table, 
block 7 is on the table, block 5 is on the table, block 
7 is on the table, 
…

My goal is to have that block 1 is on top of block 9, 
block 2 is on top of block 5, …, block 3 is on the 
table, block 4 is on the table, block 5 is on the table, 
block 6 is on the table, and block 7 is on the table …

Executed

Failed. 
Block5 not 

clear

clear(?b) omitted

~self.clear(?b) omitted

Should be b[“b4”]

Syntax corrected

(arm-empty) omitted

Mistake not corrected

“1” - syntax error

Problem 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) 
I can only pick up a block if the block is on the 
table and the block is clear. Once I pick up, I am 
holding the block.
I can only put down a block that I am holding.
;; Action Heads
pickup      (?b          - block)
unstack     (?b ?under   - block) …

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, 
block 11 is on top of block 14, block 12 is on 
top of block 13, block 3 is on the table, block 
4 is on the table, block 5 is on the table, 
block 7 is on the table, block 5 is on the 
table, block 7 is on the table, …
My goal is to have that block 1 is on top of 
block 9, block 2 is on top of block 5, …, 

(define (domain blocksworld)
 (:action putdown
   :parameters (?ob)
   :precondition ((holding ?ob) …)
   :effect (and (clear ?ob)   
     (on-table ?ob) 
     (not (holding ?ob))) …)

PDDL

(define (problem …)
 (:domain blocks)
 (:objects 1 2 3 4 5 6 7 8 9 10 11 
12 13 14 - block)
 (:init … ) …)

(define (domain blocksworld)
  (:predicate
    (on ?x ?y) (ontable ?x)
    (clear ?x) (holding ?x) …)
  (:action pick-up
    :parameters (?x)
    :precondition (and
      (ontable ?x) (clear ?x) …)
    :effect (and (holding ?x)
      (not (ontable ?x)) …)
  (:action put-down …)
  (:action unstack …)
  (:action stack …))

(unstack block2 block1)
(putdown block2)
(stack block1 block9)
(pickup block2)
(stack block2 block5)
(unstack block11 block14)
(stack block11 block1)
(unstack block12 block13)
(stack block12 block2)
(pickup block14)
(stack block14 block12)
(pickup block9)
(stack block9 block14)
…

Plan

BlockStackingDomain
Entity Types:
- block: Physical objects…
- hand: A single robotic hand…
Predicates: clear: True when…
Actions:
- pickup: parameters: ?b - block
  - Preconditions:
    - Positive: on-table(?b), 
         empty-hand()
    - Negative: holding(?b)
  - Effects:
    - Add: holding(?b)

BlockStackingProblem
Objects: block: b1, b2, b3, …

NL-PDDL PyPDDL

class BlocksWorldDomain(Domain): 
 Block = create_type("block")
 @action(Block)
 def pickup(self, 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], ...)
 @init
 def init(self):
  b = self.blocks
  return [self.clear(b[2]),
   self.clear(b[4]), 
   self.clear(b[6]), …]

(define 
 (domain blocksworld)
 (:action putdown
  :parameters (?ob)
  :precondition (
    (holding ?ob) …)
  :effect (and (clear ?ob)   
    (on-table ?ob) 
    (not (holding ?ob))))
 … )

PDDL (Revised)

(define (problem …)
 (:domain blocks)
 (:objects b1 b2 b3 b4 … 
b12 b13 b14 - block)
 (:init … ) …)

Solver:
Syntax error

Missing predicate 
arm-empty

Executed

Failure:
block5 not clear

Missing predicate
clear

Missing predicate
~clear(b)

Cannot find obj;
(should be b[“b2”])

Mistake not corrected 
after revision

Successfully 
fixed the issue

Figure 4: Qualitative examples of a same problem in BlocksWorld, juxtaposing different IRs generated including
NL, PyPDDL, PDDL, before generating the final PDDL (Level 2). Also included is a revised PDDL based on solver
feedback and a directly generated plan (Level 0).

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.

inference-time scaling are not robust to problem487

complexity. Moreover, we are the first to evi-488

dence and advocate for the robustness of LLM-489

as-formalizer in planning. For more multi-IR490

pipelines of higher levels, we also caution against491

the tradeoff between performance and robustness492

against complexity.493

6 Conclusion494

We propose a unifying framework of inference-495

time planning language generation. Based on496

the interplay of IR, our framework not only sub- 497

sumes most prior work involving multi-stage LLM 498

pipelines but also inspires novel pipelines, such as 499

those involving a high-resource, syntax-aligned IR 500

to the target language. In addition to providing im- 501

mediately applicable recipes for high-performing 502

planning methods, our work opens up promising 503

directions of research in designing efficient LLM 504

pipelines applicable to alternative planning lan- 505

guages (e.g., LTL) and even non-planning domain- 506

specific languages (e.g., SMT). 507
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7 Limitations508

We only consider pipelines with three levels i.e.509

three IRs for planning language generation. Some510

of the existing work already have more than three511

IRs in their pipelines (Hao et al., 2025; Ishay and512

Lee, 2025). Thus, instantiation of our framework513

presented here is still limited in all possible insights514

applicable to contemporary work. We defer this to515

future work.516
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A Results for Natural Version of Data762

We also present results with Natural version of763

data instead of Moderately-Templated input data.764

The results highlight the same conclusions showing765

the competence of PyPDDL as an IR compared766

to PDDL or PDDL revision. The results are in767

Figure 6.768

B Results with Constrained Decoding769

We additionally apply decoding by grammar tech-770

nique (denoted →GD) to PDDL generation based771

on grammar (Wang et al., 2023) and constrained772

decoding (Scholak et al., 2021) favorable in the773

program synthesis community. We translate the for-774

mal BNF definition of PDDL 3.13 into a LALR(1)-775

compatible EBNF grammar used to limit LLMs’776

decoding to trivially syntactically correct PDDL,777

but may degrade semantics.778

3Kovacs, 2011: http://pddl4j.imag.fr/repository/
wiki/BNF-PDDL-3.1.pdf

Applicable for all levels, we evaluate PDDL- 779

grammar with constrained decoding as a drop-in 780

replacement for standard decoding in PDDL-base 781

pipeline. Although performance on BlockWorld 782

domain is comparable (38% for PDDL-grammar vs 783

36% for PDDL-base), the performance on Logis- 784

tics domain is zero. Constrained decoding showed 785

an hit or miss behaviour; either performing com- 786

parable to standard decoding or catastrophically 787

making similar mistakes in all the problems. We 788

defer comprehensive evaluation of constrained de- 789

coding to future work while suggesting for robust 790

decoding techniques. 791

C All Results 792

The results for all the pipelines with two additional 793

domains Sokoban and CoinCollector are shown in 794

Figure 7 & Figure 8. 795

D Discussion: Justification of Modeling 796

Style 797

A reviewer questioned the significance of bench- 798

marks whose natural language explicitly mentions 799

action names and arguments, since end users (e.g., 800

in robotics) may not know solver-facing schemas. 801

We emphasize that this is not a pipeline-specific 802

simplification, but the modeling convention used 803

by existing datasets and prior work that we aim 804

to unify. Accordingly, our task includes an action 805

header (action names and parameter signatures) to 806

fix the ontology and enable fair, controlled evalua- 807

tion across methods, rather than to propose a more 808

“natural” user interface. 809

We agree there is an ontological gap between 810

natural, dynamics-oriented descriptions and solver- 811

oriented PDDL. Our contribution targets the Spec- 812

to-Code bottleneck: translating an informal func- 813

tional specification into solver-ready code, not in- 814

ferring dynamics/ontologies from raw observations 815

(World-to-Code). This scope is motivated by fea- 816

sibility: practical classical planners typically re- 817

quire explicit, grounded transition schemas, while 818

leaving dynamics implicit (e.g., via deep quantifi- 819

cation) often yields formulations that are hard to 820

compile and intractable for heuristic search. Cru- 821

cially, even with an action header, formalization is 822

non-trivial—strong open-source LLMs frequently 823

fail to produce syntactically valid and semantically 824

correct PDDL—so isolating this stage provides a 825

clean and meaningful evaluation signal. 826
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Figure 6: The performance of two LLMs and four pipelines for BlocksWorld and Logistics

E Examples of Input and Output827

E.1 BlocksWorld828

Blocksworld. Find the domain description (dd;829

Listing 9), problem description (pd; Listing 10),830

domain file (df; Listing 11), problem file (pf; List-831

ing 12), and plan (plan; Listing 13).832

E.2 Logistics833

Logistics. Find the domain description (dd; List-834

ing 14), problem description (pd; Listing 15), do-835

main file (df; Listings 16 and 17), problem file (pf;836

Listing 18), and plan (plan; Listing 19).837

E.3 CoinCollector838

CoinCollector. Find the domain description (dd;839

Listing 20), problem description (pd; Listing 21),840

domain file (df; Listing 22), problem file (pf; List-841

ing 23), and plan (plan; Listing 24).842

E.4 Sokoban843

Sokoban. Find the domain description (dd; List-844

ing 25), problem description (pd; Listing 26), do-845

main file (df; Listings 27 and 28), problem file (pf;846

Listing 29), and plan (plan; Listing 30).847

F Examples of IRs 848

F.1 NL→PDDL (nl_pddl) 849

Listing 31 and Listing 32 present NL-PDDL IR 850

Example. 851

F.2 PythonSim→PDDL (pythonsim_pddl) 852

Listings 33–35 and Listing 36 present the Python- 853

Sim IR example. 854

F.3 PyPDDL→PDDL (pypddl_pddl) 855

Listings 37–38 and Listing 39 present PyPDDL IR 856

example. 857

F.4 PDDL→PDDL (pddl_pddl) 858

Listing 40 and Listing 41 present PDDL IR exam- 859

ple. 860

G Examples of Prompts 861

G.1 Plan Generation (plan_gen) 862

Uses plan_instruction together with the natural- 863

language domain and problem descriptions for di- 864

rect plan synthesis. 865
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Figure 7: Syntactic accuracy and plan accuracy of various methods grouped by levels and LLMs on BlocksWorld
and Logistics. Error bars shows the standard deviation over 3 runs.

G.2 Single-Stage PDDL (pddl) 866

Uses only_pddl_instruction before asking for 867

domain and problem files grounded in the original 868
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Figure 8: Syntactic accuracy and plan accuracy of various methods grouped by levels and LLMs on Sokoban and
CoinCollector. Error bars shows the standard deviation over 3 runs.

descriptions.869
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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

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

;; Action Heads
pickup (?b - block)
unstack (?b ?under - block)
putdown (?b - block)
stack (?b ?under - block)

Figure 9: Blocksworld Domain Description

As initial conditions I have that , block1 is clear , block2 is clear , block3 is
clear , block5 is clear , the hand is empty , block5 is on top of block4 , block1 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 , block1 is on the table , block2
is on the table , block3 is on the table , and block5 is on the table.

Figure 10: Blocksworld Problem Description

G.3 NL→PDDL (nl_pddl)870

Stage one converts natural language to a structured871

prose specification using nl_instruction; stage872

two calls only_pddl_instruction to emit PDDL873

from the summary plus original descriptions.874

G.4 PythonSim→PDDL (pythonsim_pddl)875

Stage one gathers a Python simulator via876

python_sim_instruction; stage two invokes877

only_pddl_instruction with the simulator878

alongside the original descriptions.879

G.5 PyPDDL→PDDL (pypddl_pddl)880

Stage one elicits PyPDDL code with881

pypddl_instruction; stage two relies on882

only_pddl_instruction plus the generated 883

program. 884

G.6 PDDL→PDDL with Feedback 885

(pddl_pddl) 886

Stage one uses pddl_instruction for direct 887

PDDL; stage two revises the files using solver feed- 888

back from the first attempt. 889

G.7 PDDL→PDDL→PDDL 890

(pddl_pddl_pddl) 891

Applies pddl_instruction across three solver- 892

informed revisions. 893
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(define (domain blocksworld)
(: requirements :strips)

(: predicates (clear ?x)
(on-table ?x)
(arm -empty)
(holding ?x)
(on ?x ?y))

(: action pickup
:parameters (?ob)
:precondition (and (clear ?ob) (on-table ?ob) (arm -empty))
:effect (and (holding ?ob) (not (clear ?ob)) (not (on-table ?ob))

(not (arm -empty))))

(: action putdown
:parameters (?ob)
:precondition (holding ?ob)
:effect (and (clear ?ob) (arm -empty) (on-table ?ob)

(not (holding ?ob))))

(: action stack
:parameters (?ob ?underob)
:precondition (and (clear ?underob) (holding ?ob))
:effect (and (arm -empty) (clear ?ob) (on ?ob ?underob)

(not (clear ?underob)) (not (holding ?ob))))

(: action unstack
:parameters (?ob ?underob)
:precondition (and (on ?ob ?underob) (clear ?ob) (arm -empty))
:effect (and (holding ?ob) (clear ?underob)

(not (on ?ob ?underob)) (not (clear ?ob)) (not (arm -empty)))))

Figure 11: Blocksworld Domain PDDL

(define (problem blocksworld -p02)
(: domain blocksworld)
(: objects block1 block2 block3 block4 block5 )
(:init

(on-table block1)
(clear block1)
(on-table block3)
(clear block3)
(on-table block2)
(clear block2)
(on-table block4)
(on block5 block4)
(clear block5)
(arm -empty)

)
(:goal (and

(on-table block3)
(on-table block5)
(on block4 block5)
(on-table block2)
(on-table block1)

))
)

Figure 12: Blocksworld Problem PDDL

1. (unstack block5 block4)
2. (putdown block5)
3. (pickup block4)
4. (stack block4 block5)

Figure 13: 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 location1 to location2 in a city (drive -truck truck

location1 location2 city)
Fly an airplane from airport1 to airport2 (fly -airplane airplane airport1

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

airplane 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 (?obj - package ?truck - truck ?loc - location)
load -airplane (?obj - package ?airplane - airplane ?loc - airport)
unload -truck (?obj - package ?truck - truck ?loc - location)
unload -airplane (?obj - package ?airplane - airplane ?loc - airport)
drive -truck (?truck - truck ?loc -from - location ?loc -to - location ?city
- city)
fly -airplane (? airplane - airplane ?loc -from - airport ?loc -to - airport)

Figure 14: Logistics Domain Description

As initial conditions , I have that , obj11 is a package , obj12 is a package , obj13
is a package , obj21 is a package , obj22 is a package , obj23 is a package , tru1 is a
truck , tru2 is a truck , cit1 is a city , cit2 is a city , pos1 is a location , apt1 is
a location , pos2 is a location , apt2 is a location , apt1 is an airport , apt2 is an
airport , apn1 is an airplane , apn1 is at apt2 , tru1 is at pos1 , obj11 is at pos1 ,
obj12 is at pos1 , obj13 is at pos1 , tru2 is at pos2 , obj21 is at pos2 , obj22 is at
pos2 , obj23 is at pos2 , pos1 is in cit1 , apt1 is in cit1 , pos2 is in cit2 , and apt2
is in cit2.
My goal is to have that obj12 is at pos1 , obj23 is at pos1 , obj11 is at apt1 , obj22
is at apt1 , obj13 is at pos2 , and obj21 is at pos2.

Figure 15: Logistics Problem Description

17



;; logistics domain
;;

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

(truck ?truck)
(airplane ?airplane)

(airport ?airport)
(location ?loc)

(in-city ?obj ?city)
(city ?city)

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

(: action load -truck
:parameters
(?obj
?truck
?loc)

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

:effect
(and (not (at ?obj ?loc)) (in ?obj ?truck)))

(: action load -airplane
:parameters
(?obj
?airplane
?loc)

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

:effect
(and (not (at ?obj ?loc)) (in ?obj ?airplane)))

(: action unload -truck
:parameters
(?obj
?truck
?loc)

:precondition
(and (package ?obj) (truck ?truck) (location ?loc)

(at ?truck ?loc) (in ?obj ?truck))
:effect
(and (not (in ?obj ?truck)) (at ?obj ?loc)))

(: action unload -airplane
:parameters
(?obj
?airplane
?loc)

:precondition
(and (package ?obj) (airplane ?airplane) (location ?loc)

(in ?obj ?airplane) (at ?airplane ?loc))
:effect
(and (not (in ?obj ?airplane)) (at ?obj ?loc)))

Figure 16: 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 ?city))

:effect
(and (not (at ?truck ?loc -from)) (at ?truck ?loc -to)))

(: action fly -airplane
:parameters
(? airplane
?loc -from
?loc -to)

:precondition
(and (airplane ?airplane) (airport ?loc -from) (airport ?loc -to)

(at ?airplane ?loc -from))
:effect
(and (not (at ?airplane ?loc -from)) (at ?airplane ?loc -to)))

)

Figure 17: Logistics Domain PDDL (Part 2)

(define (problem logistics -6-9)
(: domain logistics)
(: objects apn1 apt2 pos2 apt1 pos1 cit2 cit1 tru2 tru1 obj23 obj22 obj21 obj13
obj12 obj11 )
(:init (package obj11) (package obj12) (package obj13) (package obj21)
(package obj22) (package obj23) (truck tru1) (truck tru2) (city cit1) (city cit2)
(location pos1) (location apt1) (location pos2) (location apt2) (airport apt1)
(airport apt2) (airplane apn1) (at apn1 apt2) (at tru1 pos1) (at obj11 pos1)
(at obj12 pos1) (at obj13 pos1) (at tru2 pos2) (at obj21 pos2) (at obj22 pos2)
(at obj23 pos2) (in-city pos1 cit1) (in-city apt1 cit1) (in-city pos2 cit2)
(in-city apt2 cit2))

(:goal (and (at obj12 pos1) (at obj23 pos1) (at obj11 apt1) (at obj22 apt1)
(at obj13 pos2) (at obj21 pos2)))

)

Figure 18: Logistics Problem PDDL
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1. (load -truck obj11 tru1 pos1)
2. (load -truck obj13 tru1 pos1)
3. (drive -truck tru1 pos1 apt1 cit1)
4. (unload -truck obj11 tru1 apt1)
5. (unload -truck obj13 tru1 apt1)
6. (load -truck obj22 tru2 pos2)
7. (load -truck obj23 tru2 pos2)
8. (drive -truck tru2 pos2 apt2 cit2)
9. (unload -truck obj22 tru2 apt2)
10. (unload -truck obj23 tru2 apt2)
11. (load -airplane obj22 apn1 apt2)
12. (load -airplane obj23 apn1 apt2)
13. (fly -airplane apn1 apt2 apt1)
14. (unload -airplane obj22 apn1 apt1)
15. (unload -airplane obj23 apn1 apt1)
16. (load -airplane obj13 apn1 apt1)
17. (fly -airplane apn1 apt1 apt2)
18. (unload -airplane obj13 apn1 apt2)
19. (load -truck obj13 tru2 apt2)
20. (drive -truck tru2 apt2 pos2 cit2)
21. (unload -truck obj13 tru2 pos2)
22. (load -truck obj23 tru1 apt1)
23. (drive -truck tru1 apt1 pos1 cit1)
24. (unload -truck obj23 tru1 pos1)

Figure 19: 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).

;; Action Heads

move (?room1 - room ?room2 - room ?direction - direction)
open (?room1 - room ?room2 - room ?direction - direction ?reverse - direction)
take (?item - item ?room - room)

Figure 20: 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 21: CoinCollector Problem Description

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

room
direction
item

)
(: predicates

(at ?room - room)
(connected ?room1 - room ?room2 - room ?direction - direction)
(closed -door ?room1 - room ?room2 - room ?direction - direction)
(location ?item - item ?room - room)
(taken ?item - item)
(is-reverse ?direction - direction ?reverse - direction)

)

(: action move
:parameters (?room1 - room ?room2 - room ?direction - direction)
:precondition (and (at ?room1) (connected ?room1 ?room2 ?direction))
:effect (and (not (at ?room1)) (at ?room2))

)

(: action open
:parameters (?room1 - room ?room2 - room ?direction - direction ?reverse -

direction)
:precondition (and (at ?room1) (closed -door ?room1 ?room2 ?direction)

(is-reverse ?direction ?reverse))
:effect (and (not (closed -door ?room1 ?room2 ?direction)) (not (closed -door

?room2 ?room1 ?reverse)) (connected ?room1 ?room2 ?direction) (connected ?room2
?room1 ?reverse))

)

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

)
)

Figure 22: CoinCollector Domain PDDL
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(define (problem coin_collector_numLocations3_numDistractorItems0_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 23: CoinCollector Problem PDDL

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

Figure 24: CoinCollector Plan
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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 25: 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 26: Sokoban Problem Description
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(define (domain sokoban)
(: requirements :typing )
(:types thing location direction)
(: predicates (move -dir ?v0 - location ?v1 - location ?v2 - direction)
(is-nongoal ?v0 - location)
(clear ?v0 - location)
(is-stone ?v0 - thing)
(at ?v0 - thing ?v1 - location)
(is-player ?v0 - thing)
(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))

:effect (and
(not (at ?p ?from))
(not (clear ?to))
(at ?p ?to)
(clear ?from))

)

Figure 27: Sokoban Domain PDDL (Part 1)
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; Sokoban domain (continued)

(: action 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 ?p ?ppos))
(not (at ?s ?from))
(not (clear ?to))
(at ?p ?from)
(at ?s ?to)
(clear ?ppos)
(at-goal ?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)
(is-stone ?s)
(at ?p ?ppos)
(at ?s ?from)
(clear ?to)
(move -dir ?ppos ?from ?dir)
(move -dir ?from ?to ?dir)
(is-nongoal ?to))

:effect (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 28: 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 29: Sokoban Problem PDDL

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

Figure 30: Sokoban Plan
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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 31: 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 (1) 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
- On(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(1, 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 32: 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: Dict[int , Union[str , int]] # block -> 'table ', another block , or 'held'
clear: frozenset[int] # blocks that are clear (no blocks on top and not held)
held: Optional[int] # the block being held , or None

class Action:
def __init__(self , name: str , params: Tuple):

self.name = name
self.params = params

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

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

class PickupAction(Action):
def __init__(self , block: int):

super().__init__("pickup", (block ,))
self.block = block

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

b in state.clear and
state.held is None)

def 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 __init__(self , block: int , under: int):

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

def is_applicable(self , state: State) -> bool:
return (state.on[self.block] == self.under and

self.block in state.clear and
state.held is None)

def 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 33: 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 34: 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 != b:
actions.append(StackAction(b, under))

return actions

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

Figure 35: PythonSim IR from the PythonSim→PDDL pipeline (Part 3 of 3).
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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[1] == 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[11] == 'table ')

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

frontier = deque()
frontier.append (( initial_state (), []))
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 36: 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 , b):

""" 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):

""" Hand is empty """

@action(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)

]
return precond , effect

@action(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

@action(Block)
def putdown(self , b):

precond = [

Figure 37: 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

@action(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 38: 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(1, 12), prefix="block")

@init
def init(self):

clear = [
self.clear(self.blocks [0]), # block1
self.clear(self.blocks [1]), # block2
self.clear(self.blocks [2]), # block3
self.clear(self.blocks [7]), # block8
self.clear(self.blocks [8]), # block9
self.clear(self.blocks [9]), # block10

]

hand_empty = [self.hand_empty ()]

on_relations = [
self.on(self.blocks [2], self.blocks [5]), # block3 on block6
self.on(self.blocks [4], self.blocks [3]), # block5 on block4
self.on(self.blocks [6], self.blocks [10]), # block7 on block11
self.on(self.blocks [8], self.blocks [4]), # block9 on block5
self.on(self.blocks [9], self.blocks [6]), # block10 on block7

]

on_table = [
self.on_table(self.blocks [0]), # block1
self.on_table(self.blocks [1]), # block2
self.on_table(self.blocks [3]), # block4
self.on_table(self.blocks [5]), # block6
self.on_table(self.blocks [7]), # block8
self.on_table(self.blocks [10]), # block11

]

return clear + hand_empty + on_relations + on_table

@goal
def goal(self):

goals = [
self.on(self.blocks [0], self.blocks [7]), # block1 on block8
self.on(self.blocks [1], self.blocks [3]), # block2 on block4
self.on(self.blocks [5], self.blocks [0]), # block6 on block1
self.on(self.blocks [8], self.blocks [5]), # block9 on block6
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]), # block10 on table
self.on_table(self.blocks [10]), # block11 on table

]
return goals

Figure 39: 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))
:effect (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))
:effect (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))
:effect (and (on ?b ?under) (handempty) (not (clear ?under)) (not (holding ?b))

(not (ontable ?b)))
)

)

Figure 40: PDDL IR from the PDDL→PDDL pipeline.

(define
(problem block_problem)
(: domain blocks-world)
(: objects block1 block2 block3 block4 block5 block6 block7 block8 block9 block10

block11 - block)
(:init

(clear block1) (clear block2) (clear block3) (clear block8) (clear block9)
(clear block10)

(on block3 block6) (on block5 block4) (on block7 block11) (on block9 block5)
(on block10 block7)

(ontable block1) (ontable block2) (ontable block4) (ontable block6) (ontable
block8) (ontable block11)

(handempty)
)
(:goal

(and
(on block1 block8) (on block2 block4) (on block6 block1) (on block9 block6)
(ontable block3) (ontable block4) (ontable block5) (ontable block7) (ontable

block8) (ontable block10) (ontable block11)
)

)
)

Figure 41: 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 ** domain description ** explains the general world: available action schemas , predicates , and object
types.
- The ** problem description ** 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 robot1 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 block1 hand)
(stack block1 block2)
(move robot room1 room2)
</plan >

Follow this template for every problem. EOF

Figure 42: 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

type1
type2

)
(: predicates

(predicate1 ?arg1 - type1 ?arg2 - type2)
(predicate2 ?arg1 - type1 ?arg2 - type2)

)
(: action action1

:parameters (?arg1 - type1 ?arg2 - type2 ?arg3 - type2)
:precondition (predicate1 ?arg1 ?arg2)
:effect (and (predicate1 ?arg1 ?arg2) (predicate2 ?arg1 ?arg3))

)
(: action action2

:parameters (?arg1 - type1 ?arg2 - type2 ?arg3 - type2)
:precondition (and (predicate1 ?arg1 ?arg2) (predicate2 ?arg1 ?arg3))
:effect (predicate2 ?arg1 ?arg3)

)
)
</domain_file >

Notes for generating domain file:
- type1 & type2 are only representative and should be replaced with appropriate types. There could be any
number of types.
- predicate1 & predicate2 are only representative and should be replaced with appropriate predicates. There
could be any number of predicates.
- action1 & action2 are only representative and should be replaced with appropriate actions. There could be
any number of actions.
- arg1 & 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

obj1 obj2 - type1
obj3 , obj4 - type2

)
(:init (predicate1 obj1 obj3) (predicate2 obj2 obj3))
(:goal (and (predicate1 obj1 obj4) (predicate2 obj2 obj3)))

)
</problem_file >

Notes for generating problem file:
- obj1 , obj2 , ... are only representative and should be replaced with appropriate objects. There could be
any number of obects with their types.
- init state with predicate1 & predicate2 is only representative and should be replaced with appropriate
predicates that define init state
- goal state with predicate1 & 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 43: Base instruction only_pddl_instruction.
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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:
- Type1: Explanation of entities of this type and any subtype relationships.
- Type2: Explanation of entities of this type.
Predicates:
- predicate1(entity1: Type1 , entity2: Type2): Meaning of the fact when true.
- predicate2(entity: Type2): Meaning of the fact when true.
Actions:
Action: Action1
Intent: Brief purpose of the action.
Parameters: entity1: Type1 , entity2: Type2 (include distinctness constraints if required).
Preconditions:
- Positive: predicate1(entity1 , entity2) must hold.
- Negative: predicate2(entity2) must not hold.
Effects:
- Add: predicate2(entity2) becomes true.
- Delete: predicate1(entity1 , 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:
- Type1: obj1 , obj2 (brief descriptions optional).
- Type2: obj3 , obj4.
Initial State:
- predicate1(obj1 , 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 44: Base instruction nl_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 45: 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 46: Prompt template for pddl.

{{ 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 }}

### 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 47: Stage-one prompt for nl_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 }}

### 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 48: Stage-two prompt for nl_pddl.
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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 49: 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
```python
{{ python_domain_module }}
```

### Python simulator \- problem module
```python
{{ python_problem_module }}
```

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

Figure 50: 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 51: 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
```python
{{ pypddl_domain_code }}
```

### PyPDDL problem class
```python
{{ pypddl_problem_code }}
```

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

Figure 52: Stage-two prompt for pypddl_pddl.

41



{{ 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 53: Stage-one prompt for 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]
{{ stage1_domain_file }}

[PROBLEM FILE]
{{ stage1_problem_file }}
------ Previous attempt end --------

Feedback from the planning solver:
{{ stage1_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 54: Stage-two prompt for pddl_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 55: Stage-one prompt for pddl_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]
{{ stage1_domain_file }}

[PROBLEM FILE]
{{ stage1_problem_file }}
------ Previous attempt end --------

Solver feedback:
{{ stage1_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 56: Stage-two prompt for pddl_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
```pddl
{{ stage2_domain_file }}
```

### Previous problem.pddl
```pddl
{{ stage2_problem_file }}
```

### Solver feedback
{{ stage2_solver_feedback }}

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

Figure 57: Stage-three prompt for pddl_pddl_pddl.
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