
Planning and State

Based on the EMNLP 2024 tutorial by Yu Su, Diyi Yang, Shunyu Yao, and Tao Yu

CMSC 848N
Fall 2026, Week 4, Lecture 1



ALFWorldALFRED

Shridhar et al. ALFWorld: Aligning Text and Embodied Environments for Interactive Learning. ICLR 2021.

Acting in language
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ReAct: reasoning with observations

Question: Which magazine was started first, Arthur’s Magazine or First for Women?

Thought 1: I need to search Arthur’s Magazine and First for Women, and find which was started first.

Action 1: Search[Arthur’s Magazine]

Observation 1: Arthur’s Magazine (1844–1846) was an American literary periodical published in Philadelphia…

Thought 2: Arthur’s Magazine was started in 1844. I need to search First for Women next.

Action 2: Search[First for Women]

Observation 2: First for Women is a woman’s magazine published by Bauer Media Group… was started in 
1989…

Thought 3: First for Women was started in 1989. 1844 (Arthur’s Magazine) < 1989 (First for Women), so 

Arthur’s Magazine was started first.

Action 3: Finish[Arthur’s Magazine]

Yao et al. ReAct: Synergizing Reasoning and Acting in Language Models. ICLR 2023.
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The same question with different prompts

Which magazine was started first, Arthur’s Magazine or First for Women?

Thought: Arthur’s Magazine was started in 1844. First for Women was started in 1989. 
Since 1844 < 1989, Arthur’s Magazine was started first.
Answer: Arthur’s Magazine

Reason only
(chain of thought)

Action 1: Search[Arthur’s Magazine]

Observation 1: Arthur’s Magazine (1844–1846) was an American literary periodical 
published in Philadelphia…
Action 2: Search[First for Women]

Observation 2: First for Women is a woman’s magazine published by Bauer Media 
Group… was started in 1989…
Action 3: Finish[Arthur’s Magazine]

Act only

Answer: Arthur’s MagazineStandard prompt

Yao et al. ReAct. ICLR 2023.
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Planning: a working definition

• Goals may arrive as natural-language instructions.

• Available actions may be numerous or open-ended.

• An automated test may not clearly establish success.

What changes for language agents?
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LLM+P

Liu et al. LLM+P (2023). See also Kambhampati et al. LLM-Modulo Frameworks (2024).

The LLM translates the problem into PDDL. A classical 
planner searches for a plan.
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Planning a sequence of web actions

Deng et al. Mind2Web: Towards a Generalist Agent for the Web. NeurIPS 2023.
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Travel planning with several constraints

Xie et al. TravelPlanner: A Benchmark for Real-World Planning with Language Agents. ICML 2024.
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Fast and easy to implement

Limited lookahead

Reactive action selection and tree search
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Tree search with real interactions

Koh et al. Tree Search for Language Model Agents (2024).
Zhou et al. Language Agent Tree Search. ICML 2024.
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Some actions cannot be undone

A purchase or return can trigger a real transaction.
Exploration may expose private data or create safety risks.
Trying many actions also takes time and money.
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Limited lookahead

Fast and simple Explores alternatives

Needs safe backtracking

Simulates alternatives

Needs a reliable model

Planning with a model of the environment
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A computational model of how actions change the environment

A world model predicts state transitions

Action Current state Next state

This deterministic approximation predicts one next state.
A stochastic model predicts a distribution over next states.
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Websites differ in their actions and page structure.

Modeling the open web
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Example prediction
Clicking the shirt opens its product page. It may 
show specifications, reviews, larger images, size 
options, and an Add to Cart button.
The product details replace the grid of search 
results.

Predicting a page change
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WebDreamer: candidate actions
Gu et al. Is Your LLM Secretly a World Model of the Internet? (2024).
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WebDreamer: the first predicted step
Gu et al. Is Your LLM Secretly a World Model of the Internet? (2024).
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WebDreamer: two-step lookahead
Gu et al. Is Your LLM Secretly a World Model of the Internet? (2024).
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WebDreamer: scoring a trajectory
Gu et al. Is Your LLM Secretly a World Model of the Internet? (2024).
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WebDreamer: choosing an action
Gu et al. Is Your LLM Secretly a World Model of the Internet? (2024).
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WebDreamer results on VisualWebArena

Reactive and tree-search baselines: Koh et al. (2024)

Gu et al. WebDreamer (2024). Reported results from the original study.

Model-based planning improves success over the reactive baseline in this study.
Tree search succeeds more often, with more actions and longer runtime.
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LLM-Planner: grounded replanning

Song et al. LLM-Planner: Few-Shot Grounded Planning for Embodied Agents. ICCV 2023.
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A coding agent’s initial plan
Cognition AI developer demo (2024)

Initial 
plan
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An unexpected API response
Cognition AI developer demo (2024)

Missing
'text'
field
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The agent inspects the response
Cognition AI developer demo (2024)

Inspect
JSON
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A later step in the demo
Cognition AI developer demo (2024)

The app
compiles
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Planning: what to keep in mind

Goals can be ambiguous. Actions may be open-ended, and success may be 
hard to check.

A world model supports lookahead. Its errors can also lead the planner 
astray.

A plan needs feedback. New observations can change which subgoal or 
action makes sense.

The best strategy depends on the model and task. Planning quality 
remains an open research problem.
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