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Examples of Agents: Digital Agents

Software Engineering Web Navigation/Computer Use

Xie, Tianbao, et al. "Osworld: Benchmarking multimodal agents for open-ended tasks in real computer environments."

https://docs.google.com/file/d/1Gp-DMpmXdegaudfyr7n-WiTfIuKa03X8/preview
https://docs.google.com/file/d/1V-Y_JWUoshKfFrlfDKPTbc3VQ1iYxmgT/preview


Embodied Agents

Game: Minecraft World Interactive Text World: ALFWorld 

Wang, Guanzhi, et al. "Voyager: An open-ended embodied agent with large language models."
Shridhar, Mohit, et al. "Alfworld: Aligning text and embodied environments for interactive learning."

https://docs.google.com/file/d/1d6u_lFkBJ3fZ0sLKKB1OQP4pezoQM_Qv/preview
https://docs.google.com/file/d/1ciFX7_2hWQ0UPS0oEF9jg-D8e35dpGg-/preview


Physical Agents / Robots

Peng, Xue Bin, et al. "Learning agile robotic locomotion skills by imitating animals."

https://docs.google.com/file/d/1aPZ2pXRGmN9joSbR5USj-WWlaDWf6ord/preview


Social Agents

Park, Joon Sung, et al. "Generative agents: Interactive simulacra of human behavior." UIST 2023



What’s Probably NOT An Agent?

● Retrieval-Augmented Generation (RAG) Systems: no action taking

● Reasoning models: no concept of env; no actions

● Program-of-Thought: may be

● … … 

Definition. Agents. anything that can be viewed as 

perceiving its environment through sensors and 

acting upon that environment through actuators.

Russell, Stuart J., and Peter Norvig. Artificial intelligence: a modern approach. Pearson, 2016.



Agent Activities

Wang, Zhiruo, et al. "What are tools anyway? a survey from the language model perspective." CoLM 2024.

Perception collect data/obs from the env

Action exert actions, change env state

Computation general acts of computing

● Retrieval-Augmented Systems
● Reasoning models
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Text: Files

Coding agent: read files in the repository

John Yang, Carlos E. Jimenez, et al.. "SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering."

observe



Text: Web HTML → Accessibility Tree → Filtering

Zhou, Shuyan, et al. "Webarena: A realistic web environment for building autonomous agents."



Text: LM-based Element Filtering

Missing all relevant items 47% of the time :(

Deng, Xiang, et al. "Mind2web: Towards a generalist agent for the web." NeurIPS 2023



Image: Computer Screenshot + Set of Marks

browser-use: https://github.com/browser-use/browser-use 

https://github.com/browser-use/browser-use
http://www.youtube.com/watch?v=L2Ya9PYNns8


Image: Visual Grounding

Gou, Boyu, et al. "Navigating the digital world as humans do: Universal visual grounding for gui agents." 2024
Xie, Tianbao, et al. "Scaling Computer-Use Grounding via User Interface Decomposition and Synthesis." 2025
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Default & Specialized Actions

Zora Wang, et al. "How Do AI Agents Do Human Work? Comparing AI and Human Workflows Across Diverse Occupations."

Common computer-use actions

Agent / application specific 
actions (~ tools)



Use Tools > Primitive Actions

Using Primitive Actions Using Tools

1 step

click(‘12’)

fill(‘310’,”Pittsburgh Weather”)

keyboard_press(“Enter”)

click(‘7100’)

send_msg_to_user(“Sunny”)

… … … … 

check_weather(“Pittsburgh”)

call remote server

weather 
server 

return API output

20 steps �� ��



Human-Engineered APIs

Song, Yueqi, et al. "Beyond browsing: Api-based web agents." 2024



Human-Engineered APIs Improves Performance

Whether API or 
Browsing is better

depends on the 
website

Hybrid enjoys the 
benefit of both



Agent Self-Induced Skills

Programmatic Tasks: Math, Structured Data Analysis, Visual Reasoning

Wang, Zhiruo, Daniel Fried, and Graham Neubig. "Trove: Inducing verifiable and efficient toolboxes for solving programmatic tasks." ICML 2024



Agent Self-Induced Skills

Web Navigation Agents

click("339")  # click “Reports”
click("373")  # click “By Products”

fill("757", "disappointed") # fill the searchbox
click(‘214’) # click search button

send_msg_to_user("There are 127 reviews in our 
store that mention the term 'disappointed'")

def search_reviews(search_box_id: str, 
search_button_id: str, search_term: str):
   """Search for reviews containing a specific term.
   ... ...
   Examples: search_reviews('757', '704', 'great')
   """
   fill(search_box_id, search_term)
   click(search_button_id)

click("226")  # click “Marketing”
click("287")  # click “All Reviews”

search_reviews("833", "708", "decent")

send_msg_to_user("There are 2 reviews in our 
store that mention the term 'decent'.")

def open_marketing_reviews():
   """Navigate to the Reviews section under Marketing.
   Examples:
       open_marketing_reviews()
   """
   click("226")  # Click Marketing menu
   click("287")  # Click All Reviews

open_marketing_reviews()  # find all reviews

search_reviews("833", "708", "not useful")

send_msg_to_user("There are 0 reviews that 
mention the term 'not useful' in our store.")

Find reviews that mention the 
term “disappointed”

Wang, Zora Zhiruo, et. al, "Inducing Programmatic Skills for Agentic Tasks." CoLM 2024



Skill Adaptation Boosts Efficiency

34.8% 
more 
accurate

27.2% 
more 

efficient



Skill Adaptation Boosts Efficiency
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navigate_to_address_settings('22
7', 'change billing address')

update_address_details('1724', …, 
'231 Willow Way', Suite 100', 
Chicago, 'Illinois', '60601')

start on 
homepage

Reach in one step Update address in one step

update_address_details('1724', ...,
Sycamore Circle', 'Philadelphia', 
'Pennsylvania', '19102')

Update address in one step

I recently moved. Can you change my billing address to “231 Willow Way, Suite 100, Chicago, IL, 60601”? Then, update my 
shipping address to: 987 Sycamore Circle, Philadelphia, PA, 19102.



Inducing and Learning Skills On the Fly

https://docs.google.com/file/d/1F7wODs14HflMcYGplC3eJTL-KiFwTIKa/preview


Inducing Skills Facilitates Verification

● Agents act autonomously
● Humans remain accountable

# get the row for each time stamp
row_2015 = df[df[“Year”] == 2015
row_2016 = df[df[“Year”] == 2016
# get the value for each time
value_2015 = row_2015[“Vacation 
days”].values[0]
value_2016 = row_2015[“Vacation 
days”].values[0]
# calculate the rate of change
rate = (value_2016 - value_2015) / 1

calc_rate_of_change(df, 
“Vacation days”, “Year”, 2015, 2016)

VS

Higher accuracy Faster time

● Oversight must be efficient

Zora Zhiruo Wang, Daniel Fried, Graham Neubig. "TroVE: Inducing Verifiable and Efficient Toolboxes for Solving Programmatic Tasks." ICML 2024



Scenarios of Tool Using

Wang, Zhiruo, et al. "What are tools anyway? a survey from the language model perspective." CoLM 2024.



Tool Learning: Prompt & Few-Shot

Schick, Timo, et al. "Toolformer: Language models can teach themselves to use tools." NeurIPS 2023



Tool Learning: Specialized Toolkens

Hao, Shibo, et al. "Toolkengpt: Augmenting frozen language models with massive tools via tool embeddings." NeurIPS 2023
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Factual & Preferential Knowledge

Packer, Charles, et al. "MemGPT: Towards LLMs as Operating Systems." 2023



Procedural Knowledge: Self-Reflection

Shinn, Noah, et al. "Reflexion: Language agents with verbal reinforcement learning." NeurIPS 2023



Procedural Knowledge: Reusable Workflows

Wang, Zora Zhiruo, et al. "Agent workflow memory." ICML 2025



More Advanced Memory Learning

Update agent memory, a.k.a., input context to the fixed LM

Memory 
Categorization

Memory 
Structure

Memory 
Modality



Mem0: Memory Layer for AI Apps

mem0: https://mem0.ai/ 

https://mem0.ai/
https://docs.google.com/file/d/15EG4_82x_hp8S2f3RqpskqNVCqYE0XHX/preview


Letta: Stateful Agents

Letta: https://www.letta.com/ 

https://www.letta.com/


Memory Becoming A Way to Get Customers

Transfer memory ChatGPT to Claude

https://x.com/Yuchenj_UW/status/2028568427598950705?s=20; https://x.com/claudeai/status/2028559427167834314?s=20 

https://x.com/Yuchenj_UW/status/2028568427598950705?s=20
https://x.com/claudeai/status/2028559427167834314?s=20


Summary: LM-Based Agents
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Text: HTML, ax-tree
Image: screenshot, SoT

Tool Use: Prompting & training
Tool Making & Skill Learning

Reflection, 
Guideline,
Workflows, …



Building Real-World Agents



Benchmark Example: Task, Environment, Evaluation

● Task: an NL instruction
● Environment: files needed, simulated users, execution environment
● Evaluation: rule-based, LLM-based

Frank Xu, et al., “TheAgentCompany: Benchmarking LLM Agents on Consequential Real World Tasks”. 2024.



Different Categories of Agent Benchmarks

Zora Wang, et al., “How Well Does AI Agent Reflect Real-World Work?”. 2026.



Agent Framework

General Agents: 

● Manus; ChatGPT Agent

Coding-Oriented Agents: 

● OpenHands, Claude Code

https://docs.google.com/file/d/1kLSLirCKjr1cZJzX1pqVqBBWQJnVT04b/preview


Agent Special Function Calling

manus-create-react-app

LM

Memory

Skills



Training Better Agent Foundation Models

Turning Indirect How-To Knowledge to Direct Demonstrations
LM

Memory

Skills

Ou, Tianyue, et al. "Synatra: Turning indirect knowledge into direct demonstrations for digital agents at scale." NeurIPS 2024



Training Better Agent Foundation Models

Synthesize Demonstrations via Environment Exploration
LM

Memory

Skills

Murty, Shikhar, et al. "Bagel: Bootstrapping agents by guiding exploration with language." 2024
NNetNav: Unsupervised Learning of Browser Agents Through Environment Interaction in the Wild



Training Better Agent Foundation Models

Wang, Xinyuan, et al. "Opencua: Open foundations for computer-use agents." 2025

Collect Human Computer-Use Demonstrations



From Solo to Human-Centered Agents



We’re Saturating SWE-Bench

Feb 23, 2026

"Why SWE-bench Verified no longer measures frontier coding capabilities".



We’re Saturating SWE-Bench



Issues in Current Agents

https://x.com/KLieret/status/2029219763423986030?s=20 



Issues in Current Agents

Zora Wang, et al., "How Do AI Agents Do Human Work? Comparing AI and Human Workflows Across Diverse Occupations". 2025.



Next: Building Human-Centered Coding Agents

Zora Wang, John Yang, Kilian Lieret, et al., "Position: Humans are Missing from AI Coding Agent Research".



How to Close the Gap?

● Scale human modeling
● Enable efficient oversight
● Define measures for interaction
● Go beyond software engineering



Autonomous → Collaborative Agents

CowPilot:

● Agent-Drive Task 
Sessions

● Human Verify and 
Intervene

● Improve overall 
success rate than 
human/agent-only

Huq, Faria, et al. "CowPilot: A Framework for Autonomous and Human-Agent Collaborative Web Navigation." 2025



Asynchronous, Collaborative Agents

Shao, Yijia, et al. "Collaborative gym: A framework for enabling and evaluating human-agent collaboration." 2024



Summary

LM Agent Basics

● Definition
● Observation
● Action space
● Memory

Agent Building

● Benchmarks & Frameworks
● Agent Foundation Model Training
● Autonomous vs. Collaborative Agents

LM-based 
Agents

Zora Wang


