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WALL-E mining diamond “LLM priors” vs “real environment 
transitions”

Motivation
• Can LLMs serve as accurate world models?

• How can world models benefit LLM agents?

• Gap between LLMs’ commonsense priors and environment dynamics.

mining a diamond with 
the wrong pickaxe 



Overview of WALL-E
• We propose WALL-E, a training-free method 

for world alignment.

• Two alternating stages:
• NeuroSymbolic Learning (NSLearning)  

extract & encode symbolic knowledge.
• Model-Predictive Control (MPC)

use aligned world model for look-ahead 
planning.

• Enables reliable, sample-efficient model-
based LLM agents.

• Training-free; no gradients, no fine-tuning.



NeuroSymbolic Learning of Code Rules

1. Compare predicted vs real trajectories.

2. Extract Action Rules, Knowledge Graph, Scene Graph.

3. Translate symbolic knowledge → Python code rules.

4. Prune rules via verification + maximum coverage.



Model-Predictive Control (MPC)
• Agent queries world model: “What happens 

if I do aₜ in oₜ?”

• World model predicts: next state, success 
flag, feedback, suggestion.

• Code rules verify and correct predictions.

• LLM agent replans until predictions pass all 
checks.



Experiments & Results
Mars (Minecraft-like)

ALFWorld

+16 – 52% reward 
gain in Mars.

98% success in 
ALFWorld after 4 
iterations.



Analysis & Ablations
Comparison between WALL-E and 
induction from reflection (IfR)

Comparison between WALL-E and 
LLM agents with skill library

Ablation study of WALL-E with different symbolic 
knowledge (KNWL) types

Ablation study on the code rule set pruning stage in Mars



Conclusion & Takeaways

• World Alignment: LLMs become accurate world models when aligned with symbolic 
knowledge.

• WALL-E: A model-based neurosymbolic agent powered by MPC and training-free 
rule learning.

• Reliable & Adaptive: Better prediction, safer decisions, rapid adaptation in open-
world tasks.

• Scalable Path Forward: Toward trustworthy LLM-based embodied agents.



Thanks for listening!

Siyu Zhou
Siyu.Zhou-2@student.uts.edu.au
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