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My Research / Work

I’ve completed my PhD in Barcelona, moved Melbourne Uni since 12/12/12.

My main research interests are Automated planning, specifically:

• Planning algorithms and tools, e.g. LAPKT, planning.domains, planimation.
• Goal and Intention Recognition.
• Integration of Planning, Learning and Control.
• Creating bridges across communities solving common benchmarks: Atari, ARC, etc.

Love Surfing & Futbol, but not FC. Barcelona ;)
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Collaborators

Science is a collaborative effort, It can only be done with great people like Chao Lei (He’s 
looking for PostDoc position), Dr. Sukai Huang (Monash), A/prof. Kris Ehinger (UoM), Prof. 
Trevor Cohn (UoM / Google), among others.

Disclaimer: There’s a large body of work in our community that I won’t cover.

This talk covers work primarily done in our research group.
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LLM Plan robustness

A farmer stands at the side of a river with a sheep. There is a boat with enough room for one 
person and one animal. How can the farmer get himself and the sheep to the other side 
of the river using the boat in the smallest number of trips?
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LLM Plan robustness
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ChatGPT5 Plan robustness

Nir Lipovetzky | LM4Plan@ICAPS 2025

Thinking longer



LLM Plan robustness
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LLMs and Planning: Setting the Scene

• LLMs can’t plan (in the classical sense).

• LRMs still can’t plan reliably, even with reasoning models.

LLMs need formal reasoning models to plan robustly!

Bridge the gap between natural language 
and 

formal models.

How Hard can it be?
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LLMs generating Formal Models: Experts needed! (Issue 1)

• 1 missing or contradictory predicate in an action schema can prevent the planner 
from finding a valid plan.

• Given an action schema with M actions, where p is the probability of an action 
being valid, the probability of action schema set being valid is pM (if i.i.d.). E.g. 
p=0.9, M=10, then 0.910 = 0.34.

• However, actions are correlated, actual prob. is much lower.
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Subjective Bias: User / Human or LLM modeler (Issue 2)
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Proposed solution: Planning in the Dark

Validity - the probability that at least one action schema is solvable is 1 − (1 − pM )N^M

Subjective Bias - Generate multiple formal models

New bottleneck: verifying the solvability of each combination.
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Prob. all schema wrong

Sukai Huang et al. AAAI’25



Semantic Coherence Filtering and Ranking

A vanilla sentence encoder can quantify semantic 
relatedness between NL input and generated 
PDDL snippets.

• Compute cosine similarity between the 
embeddings. 

• Filter out low-confidence schemas. 

• Rank plan candidates based on the Σ similarity 
score of its actions.
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Fine-tuning the Sentence Encoder is Convenient!

Can further fine-tune the sentence encoder.

Contrastive training with hard negatives synthesized via precondition & effect manipulation
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Planning in the Dark - Discussion
Our pipeline enables a fully automated end-to-end LLM + formal model 
planning without expert intervention.

• 2 mins avg time per task for a 32-thread CPU, much faster than 
traditional expert-dependent pipelines (50K schemas evaluated).

• 10 LLMs are adequate for 6-action schema problems.

• Better plan quality than Tree of Thought direct LLM planning.

By generating multiple candidate action schemas, the model reflects 
different possible interpretations of the ambiguous natural language input. 

It lowers the barrier of novice users to model in PDDL
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AAAI’25 + Appendix



Demo  - Wednesday Evening
PDDL-GenAI -- A Plugin for LLM-Based Support in Planning Domain Modeling, ICAPS Demo.

Authors: Jinbiao Wang, Rui Peng, Tong Chen, Chaowen Zeng, Weilin Wang, Sukai Huang, Nir Lipovetzky.
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Abstraction and Reasoning Corpus (ARC)

Abstraction and Reasoning Corpus (ARC) is a set of abstract visual reasoning tasks that 
measure the gap of abstract reasoning and generalization capacities between humans and
AI systems (Chollet (2019)).

Nir Lipovetzky | LM4Plan@ICAPS 2025



ARC – Human and AI performance
Human: 88% of the ARC tasks can be successfully communicated (Acquaviva et 
al. (2022)).
 

VS

A program synthesis engine with a powerful enough domain-specific language is 
a promising combination for solving ARC tasks (Chollet (2019)).

Kaggle competition’s first-place solution: 40% of the 160 object-centric ARC 
tasks have been successfully solved (2020).

Abstract Reasoning with Graph Abstractions (ARGA): 36% of the 160 object-
centric ARC tasks have been successfully solved (Xu et al. (2023)).
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ARC as Generalised Planning

Our approach Generalized Planning for Abstract Reasoning (GPAR) 
achieved state-of-the-art over the Object centric ARC benchmark:

• A novel method to solve abstract reasoning tasks based on 
generalized planning.

• A domain-specific language encoding based on PDDL.

• The usage of novel ARC domain knowledge to reduce the size of 
the solution space.
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Generalized Planning for the Abstraction and Reasoning Corpus, Chao Lei et al. AAAI’24



ARC as Generalised Planning
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Generalized Planning for the Abstraction and Reasoning Corpus, Chao Lei et al. AAAI’24



PDDL 
Fragment

@ denotes 
external 
functions

(Frances et al. AAAI’17)



ARC – Domain Knowledge & State Space reduction

Abstraction Removal: Unique representations kept.

Action Pruning: Actions update positions, colors, or sizes in input instances.

Predicate Constraint: used as a condition iff it is not an invariant.

Argument Constraint: arguments in predicates describe attributes that exist in all inputs.

Structural Restrictions: Application of conditional executions + Looping over pointers.
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ARC - Program
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ARC - Summary
GPAR solves more training instances than other solvers and generalises better 
to test instances than Kaggle First place.

Problem 1: Identifying the most useful abstractions is still an open problem.

Problem 2: New heuristics can be defined to guide the search of programs, as 
finding a program is hard.

Can LLMs play a role to address Problems 1 and 2 ?
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Text-to-Code Generation

Code generation, also known as program synthesis, studies the automatic construction of a 
program that satisfies a specified high-level input requirement (Gulwani et al., 2017).
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Challenges in Code Generation

Lexical: Invalid tokens, Grammar: Invalid syntax target language, Semantic: Invalid logic.
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LLM Code Generation

Sampling: Inefficient; does not follow human programming strategies.

Planning-Aided: Lacks code and plan refinement capabilities.

Refinement: Feedback messages lack precise correction instructions.

Multi-Agent: Hallucination degrades communication and increased token consumption.
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Planning-Driven Programming: A Large Language
Model Programming Workflow (LPW)

We address limitations with a two phase for code generation:

Solution generation: For plan creation and verification.

Code implementation: For code development and refinements.
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Planning-Driven Programming: A Large Language Model Programming Workflow, Chao Lei et al. ACL’25



LPW - Summary
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LPW outperforms all competing methods across all benchmarks and various LLM 
backbones. It establishes new state-of-the-art Pass@1 accuracy, notably achieving 
98.2% on HumanEval.

More results @ACL’25 paper



LPW - Summary
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Plan Mode: Create, refine, 
and execute step-by-step 
implementation plans. 

Plan Mode analyzes your 
codebase, generates 
detailed execution plans, 
and validates that 
requirements are covered 
before starting to code.



ARC - Summary
GPAR solves more training instances than other solvers and generalises better 
to test instances than Kaggle First place.

Problem 1: Identifying the most useful abstractions is still an open problem.

Problem 2: New heuristics can be defined to guide the search of programs, as 
finding a program is hard.

We can use LPW variants to address Problem 2. Let’s address Problem 1!
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ARC – Knowledge augmented LLMs
We use GPAR Knowledge Abstraction to augment LLM Priors. 
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Results – Prior integration
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Challenge – Image Size
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Challenge – Spatial Reasoning
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Knowledge augmented LLMs - Summary

Generalisation improves with Abstractions and Planning before coding, but LLM 
are far from solving the ARC challenge
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From Reasoning to Generalization: Knowledge-Augmented LLMs for ARC Benchmark, Chao Lei et al. (Arxiv – work in progress)



Take Aways

Ambiguity in human language: hard to capture correct semantics.

Hidden, unexpressed knowledge in descriptions.

Use coherence semantic filters + delete relaxed planning validation 

Plenty of opportunities to integrate LLM, Planning methods and modelling in ARC 
and coding!

Open problems

Integrations of tractable planning fragments for LLM modelling and solving.
Descritption languages to express and learn abstractions?
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Check out ICAPS 25

Wednesday, 12 Nov (16:50 - 18:00) - PDDL-GenAI -- A Plugin for LLM-
Based Support in Planning Domain Modeling
Jinbiao Wang, Rui Peng, Tong Chen, Chaowen Zeng, Weilin Wang, Sukai Huang, Nir 
Lipovetzky. ICAPS demo

Thursday, 13 Nov (11:30 - 11:50) - Chasing Progress, Not Perfection: 
Revisiting Strategies for End-to-End LLM Plan Generation
Sukai Huang, Nir Lipovetzky
View Paper
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https://ojs.aaai.org/index.php/ICAPS/article/view/36119


Thanks!

Contact nir.lipovetzky@unimelb.edu.au 

More Info https://nirlipo.github.io/ 


