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Examples of Agents: Digital Agents

Software Engineering Web Navigation/Computer Use

Welcome to Claude Code!

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

Build House
with Human Feedback

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

Joining for coffee at a cafe

Taking a walk

in the park -
TER [Abigail]: Hey Klaus,
[ I join you for coffee?
[Klaus]: Not at all, Abigail.

How are you?

Finishing a
morning routine

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

[John] : Hey, have you heard
anything new about the
upcoming mayoral election?
[Tom] : No, not really. Do you
know who is running?




What's Probably NOT An Agent?

Definition. Agents. anything that can be viewed as
perceiving its environment through sensors and
acting upon that environment through actuators.

e Retrieval-Augmented Generation (RAG) Systems: no action taking
e Reasoning models: no concept of env; no actions

e Program-of-Thought: may be

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



Agent Activities

~N

Perception collect data/obs from the env

J

~N

Action exert actions, change env state

J

Computation | general acts of computing :@
2R :

e Retrieval-Augmented Systems .

e Reasoning models = 1-;

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

Coding agent: read files in the repository

@ Issue
Gbsanvatian tFile Viswer) data leak in GBDT due to warm
EZééel SOl b ) opnantine. py (3093 lines total)] start (Thls is about the non-
1nes G ove . .
401 : total_degree — 3: histogram-based version of...
402 diop_type "cubic_thue"
403:
404 elif (total_degree > 3): o Codebase
405 if allCeoeffik] = 1): sklearn/ Axt
406: diop_type = 'general_sum_even' - D reqs.tx
407: BB examples/ [3J setup.cfg
408 1f diop_type is not None:
409: return var, coeFF diop_type D READMErst [ setup.py
2684 1ines below
& / P,
(a) Observation from the file viewer. .

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



Text: Web HTML » Accessibility Tree - Filtering

e @ webarena.onestopshop.com ® @ webarena.onestopshop.com e © webarena.onestopshop.com
Patio, Lawn & Garden ' <li> .
oty o 4 b <div> :  RootWebArea ‘Patio, Lawn ..’
Snmeacss :  <ahref=".."><img src="..."></a> | link 'Image'
- <div class> ;  img 'Image' =~
<a href="...">Outdoor Patio ; link "Outdoor Patio..
: > o - LayoutTable "
: <div> ; taticText 'Rating:'
" SRating:< > ; generic '82%'
: <S lf,l;l Rating:</span : link '12 Reviews'
s < > o/ ~ > - StaticTeXt ‘$49-99'
: </d§5§n 825~ /span : button 'Add to Cart’ focusable: True
<a href=*%“...#reviews">12 s button 'Wish List’ focusable: ...
: button 'Compare’ focusable: ...

<span>Reviews</span></a>
Figure 3: We design the observation to be the URL and the content of a web page, with options to

represent the content as a screenshot (left), HTML DOM tree (middle), and accessibility tree (right).
The content of the middle and right figures are trimmed to save space.

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



Text: LM-based Element Filtering

<html> <form id=@> <div meta="navigation; sitelinks">
<p> <a> Collect Renaissance </a> <a> Shop Le Meridien
</a> <a> Westin Store </a> <a> Sheraton Store </a>
</p> </div> .. <div> <select id=1 meta="Size; Select a
Size"> <span meta=tablist> <button id=2 meta="button;
tab"> Description </button> .. <a id=3 meta="Shop
Feather & Down Pillow"> <img meta="Product Feather &
Down Pillow"> <p> <a> California Privacy Rights </a>
<a> Privacy Statement </a> <a> Terms of Use </a> <a
id=4> Loyalty Terms </a> ..

Based on the HTML webpage above, try to complete the following
task:

Task: Search for queen-size pillow protectors from the Marriot

shop, and if found, add two pieces to the cart and checkout.
Previous actions:

al Offers -> CLICK
ott ns a new window -> CLICK
[menuitem] ory pillows -> CLICK
span] Pillow Protector -> CLICK
What should be the next action?

Action: SELECT
Value: Queen

Element: <select id=1 meta="Size; Select a Size">

Missing all relevant items 47% of the time :(

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

4 p
Prediction LLM
\ J
frm======---------- | EECEPPPEEEE PP PP ----
: Please select from the following choices (If the correct action is not in the page Cc
1 above, please select A. ‘None of the above’): Action: SELECT
1 Value: Queen
1| A.  None of the above
'l B. <form id=0> <div meta="navigation; sitelinks"> <p> <a> Collect
: Renaissance </a> <a> Shop Le Meridien </a> <a> Westin Store </a> <a>
1 | G <selectid=1 meta="Size; Select a Size">
1 | D.  <button id=2 meta="button; tab"> Description </button>
1|E <a id=3 meta="Shop Feather & Down Pillow"> <img meta="Product Feather
1 & Down Pillow"> <span> Feather & Down Pillow </span> </a>
HF <a id=4> Loyalty Terms </a> ) )
! Multichoice



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

- Y
Q_ Search A1 Marketing Ltd (©) 'jz

| @ Projectbrief @ Resources (@ Todo 4 Jira board

design-tearp P8 Kenny Park 1155
Really need to give some kudos to @Emily for helping out with the new influx of tweets yesterday.

social-media % ;
- People are really really excited about yesterday’s announcement.

team-finance

. Paul Leung 11:5¢
p No! It was my pleasure! Great to see the enthusiasm out there.

7" Google Calendar A% 12:45
ww Evvent starting in 15 minutes:

Team status meeting
Today from 13:00 to 13:30

i Emily Anderson 1258
ER™ Meeting notes from our sync with @Lisa

1/9 meeting notes
Last edited just now

Let me know if the attached dik'looks goodtoyou]- - - - - -~ -

4 B I 5 & @ 2= E B

-2 O:_élj"

Text Matching

Open ‘team-finance’. .-~ Open the

debug panel

Layout Understanding P
452,426,42, 4.

Tap on Emily's avatar in the chat window.

Benchmark

Fine-grained Manipulation
Move the cursor between the 'u’ and 'c' in 'duck’ to
change it to 'deck’.

Drag the divider in the middle to see who's in the
3-person group chat.

- Icon,
Component,

Element Recognition Layout...
Change to the channel with blue bike-rider.

Attach my deck to the message.

Dataset -
o Ay Qwen2.5-VL
Refusal (& Supervised finetuning
Open marketing channel. Models 3B,7B SOTA 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

Common computer-use actions

Agent / application specific
actions (~ tools)

Action

Description

browse_interactive

Navigate and interact with web pages in a browser.

click Click on an element on the computer screen.

right_click Right click on an element on the computer screen.

double_click Double-click on an element on the computer screen.

noop ) Do not take actions for the current iteration.

scroll Scroll up or down on a webpage in browser.

zoom Zoom in or zoom out of a page.

keypress Type in text to an element on the computer screen.

run_ipython Execute a Python code snippet in Jupyter Notebook. o8
search Perform search online to gather information. CIOR
read Read the content of files in the terminal. B8
create Create a new file with specified content in the terminal. %
edit Edit file content by executing bash command in terminal. &8® %
run Execute bash command in the terminal. 58 ®
think Perform thinking and deliver a chain of thought to user. =~ %89 %
message Send a text message to user. g8 S ¥

task_tracking
open_image
search_image
generate_image
reset_environment

Track the task-solving progress by managing a todo list.
Open and view an image file.

Search for images online.

Generate an image.

Reset the virtual computer environment.

Table 4: Action space of OpenHands &8, ChatGPT &, and Manus ) agents.

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



Use Tools > Primitive Actions

Using Primitive Actions
click(‘'12’)
£i11('310’ ,”Pittsburgh Weather”)
keyboard press(“Enter”)

click('7100")

send msg_to_user (“Sunny”)

20 steps

Using Tools

R A[How is the weather today?J

call remote server

check weather (“Pittsburgh”)

O

£° 3

Oil weather

return API output
server

1 step



Human-Engineered APIs

How many commits (1) goto "gitlab.com  (2) login with credentials

did the user SaptakS (3) eclick “allyproject” (4) click "Repository’

make to "al lyproject"? (5) elick "Commits ™ (6) No commits found -> scroll down
(7) No commits found -> scroll down ...... (15) No
commits found but no steps left, conclude 0 commits are
made by SaptakS$S.

Web Browsing Traces. Failed after 15 steps.

<execute ipython>

T (1) r=requests.get ('gitlab.com/api/allyproject/commits")
@} (2) commits=r.json ()
cO l (3)len([c for c in commits if c['author'] == 'SaptakS'])

o — </execute_ ipython>
| API-Based Agent |

API Calling via Python requests library

Figure 2: The API-Based Agent often solves problems in fewer steps than the Browsing Agent . In this task, web
browsing failed to solve the intent “find the number of commits the user Saptak$S made to the repo al Iyproject”
after 15 steps, while the API-Based Agent successfully completed the task with only three lines of code.

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



Human-Engineered APIs Improves Performance

50+

Whether API or
Browsing is better

depends on the

Accuracy (%)
[9'8)
=)

website

20+
Hybrid enjoys the 10-
benefit of both

I
()

Shop Admin Reddit

52 Browsing
0 API-Based
B Hybrid

39

29

Avg



Agent Self-Induced Skills

Programmatic Tasks: Math, Structured Data Analysis, Visual Reasoning

question Q primitive functions ] u advanced functions]

The table shows how many days of vacation = Import pandas as pd # Calculate the rate of change in values
Austin had taken each year. What was the cele_rate_of _change(dt pd.Dx ’
 pais ‘L [ primitive solution ] value_column: str, time_column: sir,
rate of change between 2015 and 2016? - el Ry y—->
# get the row for each time stamp g 2 :
5 row_2015 = df{df[“Year”] == 2015 advanced solution

é%tabular envzronment] row_2036= dil dil ear 1= 2016 calc r(:'re\L of chc£n e(df, “Vacation ]
ar = pd.DataFrame({ # get the value for each time e 9 ?

_ o . » days”, “Year”, 2015, 2016)
“Year”: [2013, 2014, 2015, 2016, 2017], value_2015 = row_2015[“Vacation days”].values[0]

“Vacation days™: [23, 18, 11, 15, 8] value_2016 =|row_2015 [“Vocaﬂon days”].values[0]
SRR S # calculate the rate of change
) g

rate = (value_2016 - value_2015) / 2

Figure 2. Function design affect solutions. Using primitive functions results in complex, error-prone solutions (middle), while using
abstract functions leads to more concise and accurate solutions (right).

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



Agent Self-Induced Skills Find reviews that mention the

click("339") # click “Reports” def search_reviews(search_box id: str,

click("373") # click “By Products” search_button_id: str, search_term: str):
"""Search for reviews containing a specific term.

£ill1("757", "disappointed") # £fill the searchbox e e

click('214’) # click search button Examples: search_reviews('757', '704', 'great')

send msg_to_user ("There are 127 reviews in our fill (search_box_id, search_term)

store that mention the term 'disappointed'") click(search button_id)

click("226") # click “Marketing” def open marketing reviews():

click("287") # click “All Reviews” """Navigate to the Reviews section under Marketing.
Examples:

search reviews("833", "708", "decent") open_marketing reviews ()

send msg_to_user("There are 2 reviews in our click("226") # Click Marketing menu

store that mention the term 'decent'.") 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 Web NaVIgatlon Agents

mention the term 'not useful' in our store.")

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



Skill Adaptation Boosts Efficiency

34.8%
more /
accurate

/

100

72

50

Success Rate

Static AWM ASI Static AWM ASI



Skill Adaptation Boosts Efficiency

R | 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.

= 2 22 — for “231 Willow Way, Suite 100, Chicago IL, 60601”

= cIick('My) cIick(‘My) cIick(‘chan)g dat dat date stat date 21
S Account') Address') e billing .. update update . pdate state update zip save
:§ gT street line 1 street line YPdate city namd name code changes
(%] start on 2 S l T l
homepage |redundan — = redundan — N I N N N terminate
tSteps | jick(‘Add new click(‘Addre t steps max steps
address') ss Book')
...... _ = for 231 Willow Way, Suite 100, Chicago IL, 60601” ~ _ | finish w/
Z ) o = _ § - —_— —_— - —_— - — — D 5$teps
= = = update update date cit nameupdate update save
g - . . i s street line 1 street lin&'@ y state zip code changes
< start on click( My, click( My cllck('char?g
Account') Address') e billing ..") —— = = = = == ———r oy
homepage for “987 Sycamore Circle, Philadelphia, PA, 19102" finish w/
| follow the workflow correctly | = — yea = AR Pl 5 steps
.....
v - ) ) update_address_details('1724", ..., update_address_details('1724", ...,
< start on navigate_to_address_settings('22 '231 Willow Way', Suite 100", Sycamore Circle', 'Philadelphia’,
homepage 7', 'change billing address') Chicago, 'lllinois', '60601') 'Pennsylvania’, '19102')

Reach in one step | | Update address in one step| | Update address in one step|




Inducing and Learning Skills On the Fly

Pipeline



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

Inducing Skills Facilitates Verification

e Agents act autonomously e Oversight must be efficient
] HumanS remaln aCCOuntab|e H|gher accuracy Faster t|me
1.0 35255
# get the row for each time stamp 0.87 -
row_2015 = df[df[“Year”] == 2015 ) 201
row_2016 = df[df[“Year”’] == 2016 0ol 0:77
# get the value for each time T
value_2015 = row_2015[“Vacation 231 17.5
days”].values[0] >o08l | T _
value_2016 = row_2015[“Vacation g £20
days”].values[0] 3 g
# calculate the rate of change So7f | e
rate = (value_2016 - value_2015) / 1 ie
I
VS 0.6 -
5< ,,,,,,,,,,,,,,,,,,,,,,
calc_rate_of_change(df,
“Vacation days”, “Year”, ) ) 05 gasic Skilled 0 pasic Skilled
Method Method

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



Scenarios of Tool Using

Category

Example Tools

Knowledge access

sql_executor(query: str) -> answer: any
search_engine(query: str) -> document: str
retriever(query: str) -> document: str

th Computation activities

calculator(formula: str) -> value: int | float
python_interpreter(program: str) -> result: any
worksheet.insert _row(row: list, index: int) -> None

&) Interaction w/ the world

get_weather(city name: str) -> weather: str
get_location(ip: str) -> location: str
calendar.fetch events(date: str) -> events: list
email .verify(address: str) -> result: bool

fH Non-textual modalities

cat_image.delete(image_id: str) -> None
spotify.play music(name: str) -> None
visual qa(query: str, image: Image) -> answer: str

(¥, Special-skilled LMs

QA(question: str) -> answer: str
translation(text: str, language: str) -> text: str

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



Tool Learning: Prompt & Few-Shot

Your task is to add calls to a Question Answering API to a piece of text. The questions should help you get information required
to complete the text. You can call the API by writing "[QA(question)]” where "question” is the question you want to ask. Here are
some examples of API calls:

Input: Joe Biden was born in Scranton, Pennsylvania.
Output: Joe Biden was born in [QA("Where was Joe Biden born?")] Scranton, [QA("In which state is Scranton?")]
Pennsylvania.

Input: Coca-Cola, or Coke, is a carbonated soft drink manufactured by the Coca-Cola Company.
Output: Coca-Cola, or [QA("What other name is Coca-Cola known by?")] Coke, is a carbonated soft drink manufactured by
[QA("Who manufactures Coca-Cola?")] the Coca-Cola Company.

Input: X
Output:

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



Tool Learning: Specialized Toolkens

Word
Tokens

Liverpool
E 1
find

Embeddings

=

| ]
[

[—

|
]

N

B

|

¥ ks
Toolkens
Math —{_sauare
Toolkens GCD
gRobot

grab
walk

Toolkens

T

N

Reasoning mode Q

Token Dist. -
] Question: John has a rectangular garden, of which the length is 64
meters and the width is 48 meters. He wants to divide the garden into
| identical square sections, each with the largest possible area. What'’s
] the area of each section? (64, 48)
Answer: The maximal side length of each section is 16 meters.
] Therefore, the areais 256 -
i N R “«——_ Ofillin text
» e - J
R S
| @ mode switch N N
=
K Tool mode \
\ , .
\ demonstrations Executlon\
] N . . o
The maximal side Iength of each section is (16) — 256
] 16 meters, so the area is <square>(16) v
Argument completion @ call the tool

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

PTG February 14

T T How's James doing? Any special plans today?

fun my bf james baked me a birthday cake actually james and i broke up

Oh wow, happy birthday! **

System Alert: Memory Pressure
“Ex-boyfriend

nd(“Birthday is February 7”)

pend ( “Boyfriend named James”)

Sorry to hear that - hope you're OK €9

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



Procedural Knowledge: Self-Reflection

,______i 1. Decision making ]

( 2. Programming ]

(

You are in the middle of a room

8 J

Task: You are given a list of two

8

3. Reasoning

S

Task: What profession does John

(a) Task [...] Task: clean some pan and put strings [...] of open '(' or close Lanchester and Alan Dean Foster
it in countertop. ') ' parentheses only [...] have in common?
u 8 K
l ,[-"] def match parens(lst): Think: [...] novelist, journalist,
(b) Action:take panl from stoveburnerl 1f sl.ecount (' (") -t critie [...] nevelist;
Trajectory Obs :_ (el s2.counti(' (') == sl.counti(')*) =+ screenwriter [...] common is
Action:clean panl with sinkbasinl s2isecounti(" )" )ie [ewel novelist
Obs:Nothing happens. [...] Action: “novelist, screenwriter”
(c)
Evaluation Rule/LM Heuristic: Self-generated unit tests fail: Environment Binary Reward:

Hallucination.

assert match parens(...)

(internal / external)

(d)
Reflection

[...] wrong because {ENGRIYNCHSCKSH

of open and
close parentheses is equal [...]

[«ss]

.] failed because I incorrectly |

|

(e) Next
Trajectory

[...] Action: take pan 1 from

[...] Obs: You put the pan 1 in
countertop 1.

Think:

Action:

[l -]

“novelist”

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



Procedural Knowledge: Reusable Workflows

-~ o __» A
o Get driving time 9
8\/ 40 from AtoB A
Display the route =5 . ;
@ fror?l pYace et B ol o Find a Hilton hotel
O Decide if can near this location,
— ? ; en show me the
30 oo -dnve 'from A to B glrllorte}slt walkin,}q,1
& In a given time path to a nearby
8 Get the zip supermarket ...
O code of a place
a 20 Getthe @ Y
coordinates
g of a place
© © Find cafe Gap widens to 22.5
= 10 “hear a place ’
= after 40 examples
= Find a place
o by its name
< O © >
e ATM
Number of examples baseline

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

Core
Memory

&

User Information
User Preferences
Always in Context

Memory
Categorization

M e m O ry lSear;/; ;;(;‘sting
Structure
AP |

Graph Memories

Episodic
Me_mpry

Semantic
Merlnory

¢@-

Events happened New Concepts
about the user New Names

Memory
Modality

Update graph

Procedural Resource Knowledge
Memory Memory Vault
,{é” o= fa\
=
o = [4]

. Addresses,
Steg-t?g-Step Docl::t:lr?'lsénts Phone Numbers,
RIces Credentials
<timestamp>

[episodic memory]
<voice_2> says: “Alice, it’s yours.”
<voice_3>says: “Thanks.”

[semantic memory]

<face_0> <+ <voice_3>
<face_1>«+ <voice_2>

<face_1> likes black coffee.
<voice_3>’s nameis Alice.
<face_0> and <face_1>are good

friends.

@ o Eﬂ))) <voice_3>’s
face_0 voice 3 nameis Alice.

<face_0> and <face_1> are ]

good friends.

)) . <face_1> likes
voice_2 face 1 black coffee.

Long-Term Memory



MemO: Memory Layer for Al Apps



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

Letta: Stateful Agents

2} Letta Code n] @ Memo > Share

i Memory
& Skills
Q  Search

+ New Agent

= Allagents I'm taking Brian to Milan

@ Memo
Memory-first coding agent and com | want to make him a cute invitation website

@ Alex (EA)

Your executive assistant. Emails, scheduling,
Thought for 2 seconds >

9 Ezra

General questions about using Letta Code Edited Memory 18s >
4 DocBot Updated /system/people/brian)

Maintaining documentation on docs.letta.com - Boyfriend

+ Boyfriend, celebrating Valentine's day in Milan

That's a lovely idea, I'd love to help you build it! Got any idea for themes? Or should | just start building?

Type your message

Auto >

]
[m]
v

L Y &
Pro plan i

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



https://www.letta.com/

Memory Becoming A Way to Get Customers

Transfer memory ChatGPT to Claude

ChatGPT 5.2 v

X, Share

I'm moving to another service and need to export my
data. List every memory you have stored about me, as
well as any context you've learned about me from past
conversations. Output everything in a single code block
so | can easily copy it. Format each entry as: [date saved,
if available] - memory content. Make sure to cover all of
the following — preserve my words verbatim where
possible: Instructions I've given you about how to
respond (tone, format, style, 'always do X', 'never do Y').
Personal details: name, location, job, family, interests.
Projects, goals, and recurring topics. Tools, languages,
and frameworks | use. Preferences and corrections I've
made to your behavior. Any other stored context not
covered above. Do not summarize, group, or omit any
entries. After the code block, confirm whether that is the
complete set or if any remain.

Claude & ~ @claudeai - Mar 2 (A oo
Memory is now available on the free plan.

We've also made it easier to import saved memories into Claude.

You can export them whenever you want.

Import memory from other Al providers

Bring relevant context and data from another Al provider
to Claude. We'll provide a prompt you can use to fetch the
memory from your other account. Learn more

Start import

3

Q 1.2k 11 35K Q 38K ili 10M N

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
Text: HTML, ax-tree

Image: screenshot, SoT

RefleC’Fioﬂ, Environment | Observation

Guideline, Internal State Space
Workflows, ... ~ Prompt e
LM ' z \
Backbone u

action
P(text|prompt) Agent /™
Tool Use: Prompting & training égggg

Tool Making & Skill Learning



Building Real-World Agents



Benchmark Example: Task, Environment, Evaluation

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

. Diverse
Simulated -
Realistic Tasks : i
(X X ) arrange meeting room
Colleague @ \ Professional -Gl & &

d

&J E ‘¢‘ analyze spreadsheet

Engineer /{ ROCKETCHAT owNClout

action
: prepare code release
0 \v GitLab =8 Plone/ : resume screening

cTO0 o team sprint planning
>_ —=1 Python ~—no &

()

>

J9SMOI

..... Finance reimburse travel bills
Code observe

Score

HR Terminal access bills consult Mike 24
Checkpoint-based ol ol @ @
Reproducible . s y 4
et hosted ENVIronment Evaluation Hhecs perl ks contmliimoNGe

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



Different Categories of Agent Benchmarks

Domain

Information
Planning

Web & Mobile

5_

General Work
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Figure 4: Number of domains (top) and skills (bottom) an average benchmark example map to.

"How Well Does Al Agent Reflect Real-World Work?". 2026.

Zora Wang, et al.,



Agent Framework

General Agents: Coding-Oriented Agents:

e Manus; ChatGPT Agent °

Hshare. D & O expenses_corrected.xisx e & o

OpenHands, Claude Code

compute-finance-expense-validation

& *
Last modified: 00:52 9/2
& manus L s
A ) c ) 3 F G
1 will review and validate expense categorization for all company transactions to ensure compliance 1 Date Amount|  Description | Gategory _|Employee|Gorrect Gategory| In order o accomish our goal, we need o cick on
with expense policies. | will identify miscategorized expenses, correct them, and then generate an 2 2023-01-0100:00:00  52.98 car rental purchase  Travel EMPO40  Travel (R S bt T 20T
analysis report. 3 2023-01-0100:00:00 519,67 car rental payment  Travel EMPO44 Travel
4 2023-01-0100:00:00 987.77 subscription expense Software EMPO01  Software & To accomplsh our goal of finding the OpenHands @ All-Hands-Al/ OpenHands.
)y 5 2023-01-0100:00:00 931,64 car rental expense  Travel EMP027 Travel b s GUHUD (eposory 1l anayze the search resuts nd ) ) )
¢ 6 2023-01-0100:00:00 507.54 advertising expense Marketing ~ EMP0D2 Marketing SEMPNBEHS  (Jookior s elevr ik cote N Pdgess B @ Damsons © Acors [ s 1 O secuty
. . 7 2023-01-0100:00:00  799.45 taxi purchase Software  EMP020 Travel A
{4l so the rokowne: & 2023.01-020000:00 81927 stationary payment _ Offco Supplies EMPO1O _Offce Supplies o seadn (o e v st : e R o
1. Access and download expense files from Google Drive 9 2023-01-0200:00:00  395.4 restaurant purchase  Meals EMPO15  Meals e thefa's o Kk tiae iop foed DM o e o Code L Mk b
10 2023-01-02 00:00:00 746,51 event expense Marketing ~ EMP002 Marketing st @ o
2. Analyze expense data and categorization rules & doca it hands.de
11 2023-01-0300:0000  582.6 promotion purchase Marketing ~ EMP042 Marketing
3. Validate expense categories and create corrected file 12 2023-01-04 00:00:00 784.21 event payment Marketing EMPO008 Marketing (337) link *Add Githubs, clickable nnisn sonmnal >
T 13 2023-01-0400:00:00 973.75 paper purchase  Office Supplies EMP026  Office Supplies — o ke o o e = e
14 2023-01-04 00:00:00 479,47 food purchase Meals e e, Py
5. Deliver results to user 15 20230104 00:0000  125.2 fight purchase Travel pecdoatige=-lis ks .
X - ; . . 16 2023-01-0500:00:00 819,12 saas purchase Software aacial
You can interrupt me at any time during my work to provide new information or adjust the plan. 17 5023.01-05 00:00:00 584.25 fight purchase el pa—roa
T T P T 18 2020105000000 5220 dsk purcrase Otee Supptes L e S G
19 2023-01-0500:00:00 740.13 event purchase Marketing S e s B
@) Browsing https://drive.google. con/drive/folders/1 727E00ULbH] _7u. 20 2023-01-0500:0000 57164 catering payment eals CETAL i h evaacn
21 20230106 00:00:00 99224 saas expense Software o
Attempted to access the expense files on Google Drive, but encountered a 404 error indicating the link is 22 2023-01-06 00:00:00 102.96 restaurant expense Meals o —
broken or the folder is inaccessible. Must verify the URL or obtain a correct link to proceed with downloading 23 2023-01-06 00:00:00  86.18 cloud payment [Softwar SR e
the expense data. 24 2023-01-06 00:00:00 927.91 promotion purchase Marketing Opentands!, clckabl
25 2023-01-07 00:00:00  727.1 car rental payment Travel
% manus 26 2023-01-07 00:00:00 872.26 train expense. Travel Knercititahesdpld oo s
ed i 2( RU2SOL0000000  BobideeKpeont jOfice Supplics Hands-Al organization on Githiub. Therefore, 1 wil
1 was unable to access the Google Drive folder usi~ the provided link. It returned a 404 error (Not 28 2023-01-0800:00:00 139,56 hotel purchase Travel .
Found). Could you please provide the correct link V' .n alternative method to access the 29 2023-01-08.00:00:00 104.76 catering purchase Meals
& - ___ixand category_rules. txt files? 30 2023-01-09 00:00:00 569.48 catering payment Meals
= 31 20230109 00:00:00 48129 subscription purchase Software
S T ——— e o 32 20230109 00:00:00 836,85 taxi expense Travel
33 20230110 00:00:00 535.86 taxi expense Travel
34 2023-01-1000:00:00 111.48 printer payment Office Supplies
35 2023-01-1200:0000  605.6 desk payment Office Supplies
35 2023-01-1200:00:00 397.17 taxi expense Travel
@ 2 ¢ Sheetl



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

Agent Special Function Calling

Skills

design-company-landing-page oshare & v O® LM
Manus's Computer . ¥

2| Creating file design_concept.md

is using Browser

Create responsive HTML/CSS landing page prototype ~ Clicking element

>-| Executing commarld manus-create-react-app "‘(\H*luh'i*‘m‘ndl‘\gl http:/flocalhost:5173/#research

I'm analyzing Neur Labs’ mission and focus ar*s to inform the branding. Design inspiration from DeepMind,

eur Labs R <l Careers
Anth graphy and subtle
anim modern, research-
w manus-create-react-app | Our Research Focus Areas
underveys T S S T T O e T T T e TS oSO We're pushing the boundari rtificial intelligence through three key

r arch domains

>~ Executing command cp /home/ubuntu/upload/logo.png /home/ubuntu/neur-labs-landing/src...

2| Reading file neur-labs-landing/src/App.css
J oo
2| Editing file neur-labs-landing/index.html = - = = o
Continual Learning Neural Simulation Scalable Cognitive

| analyzed Neur Labs’ focus on brain-inspired Al, aiming for a minimalist, professional look inspired by SYSESms Frameworks Architectures

DeepMind, Anthropic, and xAl. | created a comprehensive design concept with a dark, sophisticated color
palette, modern typography, and Al-inspired visuals. A React app was set up, logo copied to assets, and the
index page title updated. Next, | will develop the landing page layout to reflect this branding.

4| Editing file neur-labs-landing/src/App.jsx 7/29
2| Editing file neur-labs-landing/src/App.css

Generate landing page mockup image ~

G| Generating image /home/ubuntu/landing-page.png Reth | nkl ng
Intelligence

| structured a minimalist, professional landing page inspired by DeepMind and Anthropic, emphasizing bold
typography, dark gradient backgrounds, and Al-themed visuals. The React app was set up, logo moved to
assets, and styles customized with Tailwind CSS. The page includes a compelling hero section, research
focus. about. and career sections. with subtle animations and resoonsive desian. A mockub imaae was

At Neur Labs, we bel hat the future of artificial Biology



Training Better Agent Foundation Models

Skills
. . . . LM
Turning Indirect How-To Knowledge to Direct Demonstrations [ M)
L=
@‘CelapayP | payment CCancel Amazon Prime membership on Paypal) ™ | DOCTYPE htD
1] e I— . <html lang="en">
Log in with your f \ <head>
sl C, -0 l@goto("h’ctps ://www.paypal.com") — C...]
[...] 'S o </head
Enter the keyword sle [oes] o s <body>
Select the payment > : “« At B e s |
&] pay J Synthetic ) click(“login™) Jbody
agent “type(“username”, " john@example.com”) v Y ®n htmls>
— ; @; tr_ajectzry J L...] observation o,
= = generation | ===y e("search bar","Amazon Prime"
0000|0000 (Synatra) \ FRet )J C click("Amazon Inc.”, id=156) )

Indirect knowledge action history a,, ... ,a,_, next action a,

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



Training Better Agent Foundation Models

Skills
. . . . . -LM
Synthesize Demonstrations via Environment Exploration

1. Exploration Stage

%{)Explore
%
P S I E—]
Gotoa o
8 i E\ Monthin
""" > October
LM-agent  LM-labeler
[ insirction
BAGEL - -

Change

Month to
=> August

2. Instruction-following Stage

Read the research paper 3
- about the ModernBERT-base  *
- model from Hugging Face.

Select Sept 25th and submit.

| . Create a new forum
- | - called "Funny Stuff" with
LM-agent _ . the title "Memes and

- LOLs", description "A

- place for sharing and H
. discussing funny memes :
and LOLs", and sidebar
"Memes of the day".

Find the price of the iPhone 16 and
: compare it with the price of the g
< iPhone 16 Pro.

Find a pair of wireless earbuds and

- add them to your cart on Amazon

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

Collect Human Computer-Use Demonstrations
mTrajectory )

traj 1 traj 2 trajn

Rule-based
method

Model-based
method

@ screenvideo

vndeo 1

A

@

video 2

1

1

[ I

1 Video
1

1

1

1

mu"' ===t H Action Reduction w
[ e m={> State-action g
- IE "a g 00
' v‘: _.: E,
__i E; F= e Thougl: Act => =
%:;“.!l il 'ooo"_
\ J + F=>

Thought Act

¥ Computer Use Agent Modeling )

Z m Tra|ectory Data ) @Saveanarxwpaper
Inner Monologue Modeling) e o e cReasonlng
%Observation @ Situation : low |eve'| “l‘ H ’Reasonmg = &2 Acting
Reflection Instruction 37 7777{ E.-Acting & ; GReasoning
@ History Modeling } 5 - ‘Reasomng u': Acting
-:I’R cee -, w [ . ]| AgNet !_—— - FActlng oo/l
rClick rCIu:k key click Traln : Dataset \_3-000 eee
J |7 = eval
i Realisti : :ﬂ; ( Task Instruction)
| Realistic ; ' 1 (TS L1 Agent
¥ 4
Environment v | & Hls'tc?ry Obs ‘
Evaluation - . AgNet Step '|~C|I(fk I . ll: _in‘
AgNet CUA \Bench) ﬁ.t.ep 2: write -4 <target>|

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




From Solo to Human-Centered Agents



We're Saturating SWE-Bench

@ OpenAl Developers .+ © A -
@OpenAlDevs

The standard for frontier coding evals is changing with model maturity.

SWE-bench Verified was a strong benchmark, but we’ve found evidence
it is now saturated due to test-design issues and contamination from
public repositories.

<> —+

Why SWE-bench Verified
no longer measures frontier

coding capabilities Feb 23, 2026

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



We're Saturating SWE-Bench

SWE-bench Verified Score Evolution
Anthropic vs OpenAl vs Google vs MiniMax

=@~ Anthropic (Sonnet / Opus)
85% - =®= OpenAl (GPT)

=@®= MiniMax (M Series)

=®= Google (Gemini)

80% -
75% -
70% -

65% -

Sonnet 3.7
60% - 62.3%

SWE-bench Verified Score (%)

o -
55% [
56.0%

50% -

Feb 25 Apr 125 Jun'25 Aug ‘25 Oct'25 Dec 25 Feb 26



Issues in Current Agents

Bloated patches on SWE-bench verified:
LM generated patch size vs human gold patch size

(cleaned patches, see details)

l I I : “ I I

Kimi K2 Opus 4.5 MlnlMax Sonnet 4.5 Devstral DeepSeek GPT-5 Gemini 3 GPT-5.2 GLM-4.6
Thinking Mini Pro (high)

Averaged over a subset of 140 instances solved by all shown models with mini-swe-agent v1 swebench.com

https://x.com/KLieret/status/20292197634239860307?s=20



Issues in Current Agents

Find and View content
download stock of data files to
data files in the understand
Financials folder their structure.

. . Review the

Find data files,

Ask ChatGPT 2 ChatGPT
communicate

about the b4 _

instruction file file pathsto about view
ChatGPT :

file content.

Figure 5: Human workflows change to file navigation, communication with Al, reviewing and
debugging programs when using Al for automation purposes; generally slowing users down by

Navigate to the
Financials folder

o conversation °< and upload

“stock_test.csv”
to ChatGPT.

o

Build predictive
model and run
predictions on
the test data.

Independent
human / agent
workflows

Navigate within the
ChatGPT window

o and debug the
Python script for
predictive modeling

Human using Al for automation

17.7%, as opposed to the 24.3% work acceleration when using Al for augmentation.

llIviuuiilg Clivl pilupagativll, UllplCTultiavit aliu uipiuuulilve agClit 1VVUp vliayvivl, ally uic 11CCU 1UL LICAadl LULLLIIUWILIILALIVIL LU LU EALC LiIc

layered transparency issues. Early adopters’ perspectives about the role of transparency underscored its importance as a way to build

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



Next: Building Human-Centered Coding Agents

User (H)

Agent (C)

Code
Env. (T)

Task Alignment

true intent z

“Build me a
portfolio

e and minima
website

“Dark mode,

In

instruction gy

cl riﬁca'} n
11 2 Ioopj

<think; “Dark
interpret; || or light
plan> mode?”

inferred intent
ze=interpret(qy|T)

Can Al systems grasp
and clarify user intent?

Verification
©SS al'so Home page is LGTM,
make it good, About el
reusable” needs work...” ysm:
7 8 n
intervene
Unm
Create Tailwind Edit Ren?:ler Copy
React i About preview; updated,
. or CSS? .
Project copy run tests good?
step s, step s, )
10
control
point ¢,

[ src/ ][src/css} [About.tsx]

Does Al course correct well
given human feedback?

Is it easy, efficient for us
to validate Al output?

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

Adaptability
update
User uses vanilla seir
CSS, prefers dark G
mode. [More prefs] 13
12

Update
tools; docs

What carries over to
future sessions?



How to Close the Gap?

Scale human modeling

Enable efficient oversight

Define measures for interaction
Go beyond software engineering

; i.e. for Model T

“Shapeshifting”
Verification

User




Autonomous - Collaborative Agents

CowPilot:

e Agent-Drive Task
Sessions

Human Verify and
Intervene
Improve overall
success rate than

human/agent-only

Suggest

One Stop Market

Video Game

es - (srocery & Gourmet oo E
One Stop Ma

Product Showcases

Pre-baked Gingerbread

<17 Drink,
oz. Pack of 2, Total 34 0z

BelleOf Frow
Sprinkle Mix| Wedding Cocowhip Light, Vegan,
c Cake

rea,
Pomegranate Blueberry, 8 Ounce Pouch
Ounce Can Pack of 24

Cupcake Cookie Sprinkies|  9.0z. Tub
Sprinkl

Fkk ks

el ek 2 e

Advanced Search & Cowpilot o
Patio, Electronics —
S TN )
- food o find.
R oy
P

v

Resume

see f gngerse s st

| houkd seect o of

TTEEE
TTEEE
T

LRI LIE
{8

SIS .
: (e {
s
eaty rtein hakes
v o

LUV BOX - VARIETY POLAR

1 should cick onthe

00

sent

Electronics

ry & Gourmet Food

sourmet Food

B items 112001579

SortBy | posion

e 118 888
=T 444 888
ba 118288

LUV BOX- VARIETY POLAR

Nutritional Drinks- Butter __ SELTZER WATER, 1202 CANS.

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




Asynchronous, Collaborative Agents

EditorUpdate

A detailed task description

(126 words in total):
Help me plan a trip to Korea. For context,

this trip is for ...

We will land in Seoul

12/18 4:15 PM. We will leave Seoul for
Taiwanon ...

&)

Great! I'll have the
updated itinery ready for
you shortly. If there is
anything else you'd like to
add or change, feel free to

let me know.

Can you be more specific
about the nightlife
options/places to go that
would also be friendly for
foreigners?

Also, can you recommend
some good shopping places
near that area?

Editor Search  Distance Matrix

##t# Seoul Itinerary (12/18 - 12/22)

**Day 1: Arrival in Seoul (12/18)**

- 4:15 PM: Arrive at Incheon International Airport.
- 5:30 PM: Take the Airport Railroad Express (AREX)
to Hongdae (approx. 1 hour).

- 6:30 PM: Check into Airbnb in Hongdae.

- 7:30 PM: Dinner at a local Korean BBQ restaurant
in Hongdae.

- 9:00 PM: Explore Hongdae's nightlife, visit
themed cafes such as the 943 King's Cross Harry
Potter Cafe or the Thanks Nature Cafe (sheep
cafe), and enjoy street performances.

**Day 2: Sightseeing and Shopping (12/19)**

The human adds more requests
after reviewing the initial Lch
outcome. The LM agent refines
the outcome accordingly. y

WaitTeammateContinue

&)

We don’t need the intro part.  gg

... Please review the report
and let me know if there
are any additional details
you would like to include!

I still feel the conclusion is a a
bit unintuitive. Is there
more analys we can do?

&

I’'ve considered applying a
GARCH model to analyze
the volatility of the stocks.
... However, | encountered
an error. Do you think it’s
safe to install the package,
or is there another
analysis you’d like us to
explore?

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

Editor CSV Viewer Jupyter Notebook

IN [11]:

from arch import arch_model

# Function to fit GARCH model and summarize results

def fit_garch(data, name):
returns =data[ close'].pct_change().dropna() * 100
model = arch_model(returns, vol='Garch', p=1, g=1)
model f1t = model.fit(disp="off")

'GARCH Model Summary for {name}:')

print (model fit.summary())

return model_fit

# Fit GARCH model for each stock
garch_300760 = fit_garch(stock_300760,

= '300760.XSHE")
garch_000796 = fit_garch(stock_000796,

'@00796.XSHE")

OUT [11]:

ERROR: ModuleNotFoundError: No module
named 'arch’

IN [12]: ®

1 %pip install arch|

The LM agent asks for help. The
human makes the critical decision.

v



Summary

LM Agent Basics LM - ba sed
Definition Agents

Observation
Action space
Memory

Zora Wang

Agent Building

e Benchmarks & Frameworks {:J
e Agent Foundation Model Training D A
= (I

e Autonomous vs. Collaborative Agents



