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Today: (LM) Agents

• What is an agent? 

• Agent environments 

• Agent design patterns 

• Agents and RL

Code examples: https://github.com/cmu-l3/anlp-fall2025-code/tree/main/17_agents 

https://github.com/cmu-l3/anlp-fall2025-code/tree/main/17_agents


What is an Agent?

• An agent is simply a policy! 

• Input: state 

• Output: action 

• Operates in an environment 
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st
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rt



Example: simple web environments

https://miniwob.farama.org/ 

https://miniwob.farama.org/


Example: click environment

• Environment: 

• Simple webpage 

• Task: 

• Click indicated button



Example: click environment



Example: click environment
• Observation/state 

• Image 

• DOM elements



Example: click environment
• Actions 

• MOVE_COORDS <x, y>, 
… 
CLICK_ELEMENT <REF>, 
…



A simple rule-based agent
• Write a program that: 

• Finds the DOM element 
with text ‘ONE’ 

• Get its REF 

• Output the action 
CLICK_ELEMENT <REF> 



A simple rule-based agent



What is an Agent?
• An agent is simply a policy! 

• Input: state 

• Output: action 

• Operates in an environment 
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Our rule-based agent: only works for one narrow task



What is a LLM Agent?
• An agent where a language model helps determine 

actions
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Example

Environment

LM CLICK_ELEMENT 4

Call LLM and  
parse response 

Prompt

DOM 
Elements

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/trivial_agent.py 

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/trivial_agent.py


Example

click uR1jN click KFyA9 click nfP click Submit

LM Agent LM Agent LM Agent LM Agent

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/llm_agent.py 

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/llm_agent.py


• An agent where a vision language model helps 
determine actions

Environment

LM CLICK 174 983

Vision Language Model (VLM) Agent

Visual 
encoder

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/vlm_agent.py 

https://github.com/cmu-l3/anlp-fall2025-code/blob/main/17_agents/vlm_agent.py


Computer-use agent
• An agent with a general-purpose observation and 

action space (i.e., works for any computer task)

Environment

VLM

General interface 
(e.g., screenshot)

General-purpose 
Actions



Recap: what is an agent?
• An agent is a policy  in an environment 

• Text agents (e.g., LM agents) 

• Operate with text inputs and outputs 

• Visual agents (e.g., VLM agents) 

• Additionally operate with images 

• Example: Computer-use agents 

• A task-agnostic visual agent for computer tasks

π(a |s)



Lots of recent interest in agents

• Software engineering: e.g., “here’s a GitHub PR 
for my repository, can you close it?” 

• Research: e.g., “compile a research report on how 
the AI industry has changed in the last 4 months”  

• Web: e.g., ““Buy the cheapest color photo printer 
and send it to Emily's place (address in image).”



Today: (LM) Agents

• What is an agent? 

• Agent environments

• Agent design patterns 

• Agents and RL



Agent environments

• Text agents 

• Visual agents 

• Computer-use agents



Domain-specific text 
environments

• Basic idea: engineer an environment for a domain 

• Example: software engineering agent 

• Actions: search_repo, execute code, edit file 

• Environment: implements the action API 

• Observations: returns outputs



Example

Environment

LM
How many commits 
did David Renshaw 

make to “LLMLean”?

Implements actions 
Returns outputs 

<execute-code> action



Example: SWE-agent 
environment

• Task: close pull requests 

• Observations: 
• Action outputs 
• Task instruction 

• Actions: 
• Open <path> 
• goto <line_number> 
• search_file <search_term> [<file>] 

… 

• Environment: implements action API, 
formats outputs

Action API

Format outputs

Implement 
Action API

SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering

https://arxiv.org/abs/2405.15793


Environment

LM Agent



Basic idea: support new domains/tasks by 
implementing more action API calls

• AutoCodeRover: 

• CTF:



Example: text-based web browsing

• Task: answer questions 

• Observations: 
• Action outputs 
• Question 

• Actions: 
• Search <query> 
• Quote <text> 
• End: Answer 

… 

• Environment: implements action API, 
formats outputs (see Appendix A)

https://openaipublic.blob.core.windows.net/webgpt-answer-viewer/index.html 
WebGPT: Browser-assisted question-answering with human feedback 

https://openaipublic.blob.core.windows.net/webgpt-answer-viewer/index.html
https://arxiv.org/pdf/2112.09332


Example: text-based web shopping

• Task: buy products 

• Observations: 
• HTML of web page 
• Instruction 

• Environment: simulates an e-
commerce website

WebShop: Towards Scalable Real-World Web Interaction with Grounded Language Agents 

https://arxiv.org/pdf/2207.01206


Agent environments

• Text agents 

• Visual agents

• Computer-use agents



Visual agent environments

• Text + image observations



Example: basic web browsing

• Task: described in instruction (e.g., 
“click button”) 

• Observations: 
• Image of webpage 

• Actions: 
• Move, click, scroll, type, … 

• Environment: implements action API, 
runs web browser and pages, keeps 
track of reward

World of Bits: An Open-Domain Platform for Web-Based Agents, Shi et al 2017
https://miniwob.farama.org/index.html 

https://proceedings.mlr.press/v70/shi17a.html
https://miniwob.farama.org/index.html


Example: web tasks

• Task: described in instruction  

• Observations: 
• Screenshot of webpage 

• Actions: 
• Click element, type on element, 

close tab, go back, … 

• Environment: simulates websites: 
• Web shopping 
• Reddit 
• Classifieds marketplace

VisualWebArena: Evaluating Multimodal Agents on Realistic Visual Web Tasks, Koh et al 2024

https://arxiv.org/abs/2401.13649


Agent environments

• Text agents 

• Visual agents 

• Computer-use agents



Computer-use
• Basic idea: interact with a computer like a human 

• Expressive: in principle, agents can perform any 
task a human can on a computer

Environment

VLM

General interface 
(e.g., screenshot)

General-purpose 
Actions



Example: OS World

OSWorld: Benchmarking Multimodal Agents for Open-Ended Tasks in Real Computer Environments , Xie et al 2024

https://arxiv.org/abs/2404.07972


Example: OS World



Example: OS World
• Task 

• Any task achievable on an OS 

• Observations 

• Screenshot and/or accessibility tree 

• Task instruction 

• Actions 

• Mouse, keyboard 

• Rewards 

• Execute an evaluation script for the task 

• Environment: runs an operating system



Example: Programming with Pixels
• Tasks 

• Any task achievable in an IDE  
(VS Code) 

• Observations 

• Screenshot 

• Task instruction 

• Actions 

• Mouse, keyboard 

• Rewards 

• Execute an evaluation script for the task 

• Environment: runs a modified VS Code

Programming with Pixels: Can Computer-Use Agents do Software Engineering?, Aggarwal & Welleck 2025

https://arxiv.org/abs/2502.18525


Example: Programming with Pixels
• Tasks 

• Any task achievable in an IDE  
(VS Code) 

• Observations 

• Screenshot 

• Task instruction 

• Actions 

• Mouse, keyboard 

• Rewards 

• Execute an evaluation script for the task 

• Environment: runs a modified VS Code

Programming with Pixels: Can Computer-Use Agents do Software Engineering?, Aggarwal & Welleck 2025

https://arxiv.org/abs/2502.18525


Today: (LM) Agents

• What is an agent? 

• Agent environments 

• Agent design patterns

• Agents and RL



Agent Patterns

• Chain-of-thought 

• Scaffolding 

• Tool calling and MCP



Chain of thought
• Prompt the model to 

output a thought prior to 
the action 

• We can view this as: 

• Policy  
internally generates a 
thought  to determine 
its distribution over 
actions 

• The action decomposes 
into 

πθ(at |st)

zt

(zt, at)



Scaffolding
• Scaffolding: code that structures how agents interact 

with the environment 

• Action/observation loop 

• Action definitions and formatting (“tools”) 

• State management between turns (e.g., formatting 
observations, maintaining a history) 

• System prompt: defines agent’s role and 
capabilities



Example: OpenHands
• Scaffolding for code agents

https://github.com/All-Hands-AI/OpenHands/blob/main/openhands/agenthub/codeact_agent 
(screenshot taken February 2025)

https://github.com/All-Hands-AI/OpenHands/blob/main/openhands/agenthub/codeact_agent


Two perspectives on taking actions

• Reinforcement 
learning: submit an 
action to the 
environment, receive 
a observation 

• Tool calling: model 
calls an external 
function, the 
environment returns 
the output

Agent

Environment

ActionObservation

Agent

Calculator Search 
Engine Database



Tool calling interface

• Tool calling interface: a 
standardized way to define and 
invoke tools 

• Developer 1: defines tool as 
JSON 

• Model: generates tool calls 

• Developer 2: executes tool 
call, sends output



Tool calling interface



Example: Claude computer-use

https://github.com/anthropics/anthropic-quickstarts/tree/main/computer-use-demo/
computer_use_demo/tools 

https://github.com/anthropics/anthropic-quickstarts/tree/main/computer-use-demo/computer_use_demo/tools
https://github.com/anthropics/anthropic-quickstarts/tree/main/computer-use-demo/computer_use_demo/tools


Example: Claude computer-use

https://www.youtube.com/watch?v=vH2f7cjXjKI  

https://www.youtube.com/watch?v=vH2f7cjXjKI


Example: Claude computer-use

https://www.youtube.com/watch?v=vH2f7cjXjKI  

https://www.youtube.com/watch?v=vH2f7cjXjKI


Today: (LM) Agents

• What is an agent? 

• Agent environments 

• Agent design patterns 

• Agents and RL



Agents and RL
• Key differences 

• Environment provides new information 

• : “search […]”  : search results 

• : click x y  : screenshot after click 

• Multi-step MDP instead of 1-step MDP 

• Environment interaction is often expensive 

• Tasks are often long

at → st+1

at → st+1



Example: RL for computer-use
•  

• x: task instruction 

• : screenshot, history of observations and actions 

• : chain of thought + action 

• => trajectory  

• GRPO at a step level 

•
, single grouped-advantage 

for all steps 

• Innovation: only apply loss on high-entropy states 

• Reward: environment provides it by checking the environment 
state or using a VLM 

• CPU Bottleneck: cluster of 180 environment instances

at ∼ πθ(at |x, st)

s

a

τ = (x, (s1, a1), (s2, a2), …, (sT, aT))

ratiot,k =
πθ(at,k |x, st, at,<k)

πθold
(at,k |x, st, at,<k)



Example: RL for tool-use



Recap: Agent Basics

• What is an agent? 

• Agent environments 

• Agent design patterns 

• Agents and RL



Thank you


