
Large Language Models as Commonsense
Knowledge for Large-Scale Task Planning
Zirui Zhao, Wee Sun Lee, and David Hsu
School of Computing, National University of Singapore
{ziruiz, leews, dyhsu}@comp.nus.edu.sg

Motivation

I want to have 
some fruit please.

Human User Robot Large-Scale Environments

We aim to solve the task-planning problems at scale.

LLM-MCTS Overview
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Dataset

Human 
User

… …
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b(s0)

Prompt Examples

Natural Language Instruction

Current Observation

History of Actions

Next plan: _____

Prompt Examples

Natural Language Instruction

Possible positions of apple: __

LLM

Output Action

MCTS
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⇡̂(a|h)

………

Environment
Output Action

New Observation

Heuristic 
Policy

Prior Belief
Of States

Belief 
Update
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• LLM as commonsense world model and heuristic pol-
icy for MCTS

• MCTS helps LLMs

– Algorithmic benefits for reasoned decision-making

– Explore new combination of actions

– Enabling exploitation of world knowledge in LLMs

• LLMs help MCTS

– Reduce the search space

– Accelerate the search by selecting actions biasedly

Core Idea

…

Go to the kitchen

See the fridge

Open the fridge

Go to the 
bathroom

…

✘ ✔

See the apple

Large Language 
Models

Formal Planning 
Algorithm

Formal Planning with 
Commonsense Knowledge

LLM as Commonsense World Model

LLM

Prompt Examples

Natural Language Instruction

Possible positions of apple: __

On kitchen table, Inside 
fridge, Inside pantry.
On kitchen table, Inside 
fridge, Inside pantry.
On kitchen table, Inside 
fridge, Inside pantry.
On kitchen table, Inside 
fridge, Inside pantry.
On kitchen table, Inside 
fridge, Inside pantry.

Query for M times
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b(s0)

Go to the 
kitchen

See the 
fridge

See the 
shampoo

See the 
toothbrush

See the 
laptop

……

LLM as Commonsense Heuristic Policy

LLM

Query for M times

Go to the 
kitchen

See the 
fridge

……

Prompt Examples

Natural Language Instruction

Current Observation

History of Actions

Next plan: _____

Walk to the apple, grab 
the apple, …
Walk to the apple, grab 
the apple, …
Walk to the apple, grab 
the apple, …
Walk to the apple, grab 
the apple, …
Walk to the apple, grab 
the apple, …
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⇡̂(a|h)

……
Move to 
bathroom

Open 
fridge

Open 
trash can

Open 
window

Main Results

Environments in VirtualHome simulators.

Discussion
• LLM’s knowledge about modeling the world is potentially more complete
than its knowledge about policy.

– Assume n moveable objects, m containers, k rooms.

– Description length for world model O((m + n) log(m + k))
– Description length for policy of tasks O(mn log(m + n + k))
– Policy for compositional tasks O((mn)N log(m + n + k))

Conclusion
• LLM-MCTS exploits LLM’s knowledge regarding the world model and pol-
icy for reasoned and informed decision-making

• The runtime of our method is currently hindered by computational con-
straints, resulting in sluggish performance. Future advancements in edge
computing devices may allow our method to be applied in robotic systems
to enhance decision-making capabilities.

• Our analysis and empirical evidence suggest that, for some domains, the
knowledge possessed by LLM in world modeling exhibits a higher degree
of comprehensiveness than policies, owing to the significant discrepancy
in their respective description complexities.


