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Planning



Planning: (simplified) definition
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General trends in planning settings for language agents
● Increasing expressiveness in goal specification, e.g., in natural 

language as opposed to formal language
● Substantially expanded or open-ended action space 
● Increasing difficulty in automated goal test



LLM+P
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When domain and problem can be (fully or partially) described 
formally, e.g., in PDDL (Planning Domain Definition Language)

Liu et al., “LLM+P: Empowering Large Language Models with Optimal Planning Proficiency.” arXiv preprint 2304.11477 (2023)
See also Kambhampati et al., “LLMs Can't Plan, But Can Help Planning in LLM-Modulo Frameworks.” arXiv preprint 2402.01817 (2024)



Language agent planning: web agents 

69Deng et al., “Mind2Web: Towards a Generalist Agent for the Web.” NeurIPS (2024)



Language agent planning: travel planning

70Xie et al., “TravelPlanner: A Benchmark for Real-World Planning with Language Agents.” ICML (2024)



greedy, 
short-sighted 

fast, easy to implement

Planning paradigms for language agents



Tree search with real interactions

Jing Yu Koh, Stephen McAleer, Daniel Fried, Ruslan Salakhutdinov. "Tree Search for Language Model Agents." arXiv preprint arXiv:2407.01476 (2024).
Andy Zhou, Kai Yan, Michal Shlapentokh-Rothman, Haohan Wang, Yu-Xiong Wang. “Language Agent Tree Search Unifies Reasoning Acting and 
Planning in Language Models.” ICML (2024).



Challenges with tree search in the real world

• Many actions are state-changing and irreversible → backtracking ❌
• Safety/privacy risks
• Inference-time exploration could be slow and costly



greedy, 
short-sighted 

fast, easy to implement

irreversible actions, 
unsafe, slow

systematic exploration

how to get a world model?

faster, safer, 
systematic exploration

Planning paradigms for language agents



A computational model of environment transition dynamics 
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What’s … a world model?

If I do this (     ) right now (    ), what would happen next (       )?



And billions of other websites on the Internet!
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Why hasn’t it been done yet?



The page will navigate to a detailed product page for the "Mens 
Flowers Casual Aloha Hawaiian Shirt Summer Short Sleeve Beach 
T-Shirt Regular Fit Button Down Dress Shirts." This new page will 
likely contain additional information about the product including 
more detailed specifications, customer reviews, larger images, 
sizing options, and possibly a larger "Add to Cart" button. Other 
elements from the current category view like the grid of products 
will be replaced with the detailed view of this specific product.
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LLMs can predict state transitions (reasonably 
well)
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WebDreamer: model-based planner 
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).
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WebDreamer: model-based planner 
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).
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WebDreamer: model-based planner 
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).
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WebDreamer: model-based planner 
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).
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WebDreamer: model-based planner 
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).
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Model-based planning is more accurate than reactive planning and more efficient than tree search
(also recall the challenges of tree search in real-world environments)

Reactive and tree search results are from Koh et al., (2024)

Results on VisualWebArena
Gu et al., “Is Your LLM Secretly a World Model of the Internet? Model-Based Planning for Web Agents.” arxiv preprint 2411.06559 (2024).



Hierarchical planning and dynamic 
replanning
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Song et al., “LLM-Planner: Few-Shot Grounded Planning for Embodied Agents with Large Language Models.” ICCV (2023)

https://docs.google.com/file/d/1DhFFxXV_tfoRIDEopW23fy0vdUc9d1rT/preview


Hierarchical planning and dynamic 
replanning
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By Cognition AI, https://www.youtube.com/watch?v=fjHtjT7GO1c

High-level
Plan



Hierarchical planning and dynamic 
replanning
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By Cognition AI, https://www.youtube.com/watch?v=fjHtjT7GO1c

Ran into 
exception 
when 
carrying 
out a 
subgoal



Hierarchical planning and dynamic 
replanning
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By Cognition AI, https://www.youtube.com/watch?v=fjHtjT7GO1c

Re-plan 
and add 
print() 
around the 
exception 
to get 
debug info 



Hierarchical planning and dynamic 
replanning
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By Cognition AI, https://www.youtube.com/watch?v=fjHtjT7GO1c

Solved the 
exception 
based on 
the printed 
out debug 
info!



Planning: Takeaways
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● Language agents are expanding into new planning scenarios
○ characterized by expressive but fuzzy goal specifications, open-ended 

action spaces, more difficult and sometimes non-binary goal tests
● Language for reasoning also enables new planning abilities

○ Generalist world models and model-based planning
○ Hierarchical planning and dynamic replanning 

● The best planning strategy is dependent on the LLM; stronger 
LLMs may require less scaffolding (i.e., more ‘reactive’)

● How to improve planning in LLMs is still largely an open 
question


