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Large Language Models
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learning abilities
Sensitive to Strong text
word orderings / LLM \ representations
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World
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Autonomous Al Agents

e Many productive tasks we perform

today are done on the computer
- And many of these are on the web

e Many opportunities to automate menial
tasks

e Augment human capabilities
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Autonomous Agents
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Autonomous Agents
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Task: “Create a set of PowerPoint slides to present

the content in this paper.”
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Autonomous Agents
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Web Agents
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HTML
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Web Agents
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Shunyu Yao, REACT Synergizing Reasoning and Acting in Language Models;‘\\\\
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Jason Wei et al, Chain of Thought Prompting Elicits Reasoning in Large
Language Models, 2022

Reiichiro Nakano et al, WebGPT: Browser—assisted Question—-Answering
with Human Feedback, 2021.

Xiang Deng et al, MIND2WEB: Towards a Generalist Agent for the Web,
2023

Timo Schick et al, Toolformer: Language Models can Teach Themselves to
Use Tools, 2023

Shibo Hao et al, ToolkenGPT: Augmenting Frozen Language Models with
Massive Tools via Tool Embeddings, 2023

Yang et al., SWE-agent: Agent-Computer Interfaces Enable Automated
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Task: Navigate to a page of a good Thai restaurant in Pittsburgh. It should have at
least 200 reviews and 4.3 stars. Pick the one with the highest rating
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- _ rausbwebarend — Prithonran deme. sy - irarection carhaseniioraroisissns ..
(venv) 1irgyuk@G522433 visuelwebarena %
python run_demo.py \
-=1nstruction_path agent/prompts/jsons
/p_som cot id actree 3s.jsorn \
-=Start_url "https://www. yelp.com/" \
intent "Navigate te the page of a 3o

Mcd Tha® restaurant in Pittsburgh. [t sho
- —— uld have 2t least 260 reviews ard 4.3 st
> ars. FP-ck the one witn the k:ghest ratin
: g "\

7 : --result_dir demo_zest_yelp \

e --model gpt-4-vision-preview \
*d --actior_set_tag som --observation_ty

r. pe image som \
R -=render
g e e A
e e
AR - =
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- R naudiwebarena — Prithonran deme. sy - irarechion carhasenlioraroisisons
(venv) 1irgyuk@G522433 visuezlwebarena %
python rur_demo.py \
-=instruction_path agent/prompts/jsons
/p_som cot id actree 3s.json \
-=Start_url "https://vwww_google com/"

A

-=intent 'Make a reservation 2t Pusade

— e's Gzrder for 2 people on the earliest

date &t ary time. Use my name JY Koh and

3 4 phone number 65A-555-5555." \

i y : -=result_dir demo_zest_yelp \

= --model gpt-4-vision-preview \
--R(’TL’\F_QJT’_’RE som --nrwr\;armr_ry

& pe image som \

' -=render
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- naudiwebarend — Prithonran deme. sy - irarection carhaseniioraroisisons
(venv) 1irgyuk@G52<433 visuelwebarena %
python run_demo.py \
-=instruction_path agent/prompts/jsons
/p_som cot id actree 3s.json \
-=Start_url “https://www_zmazon com/"

\

4 ' ¥ --image "https://media.npr.org/assets/
—_—— _ 1mg/2E23/E;/ld/:11s-is-fiwe_wide-ﬂﬂ770:@
> €07962¢15b475Ffb7f3bd99¢5F34€Caf356-51400

c109._jpg" ©
: -=intent ‘Help me navigate to a shirt

by . = that has this on it." \
! -=result_dir demo_test_amzzon

model gpt-4-vision-preview \

AR -~actior_set_tag som --observation_ty

Tkttt s e pe imzge _som \
— : render

AR -
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Talk Outline

e \VisualWebArena -- Evaluating Multimodal Agents on Realistic Visual
Web Tasks (Koh et al., ACL 2024)

e Tree Search for Language Model Agents (Koh, McAleer, Fried,
Salakhutdinov, arXiv 2024)

e Towards Internet-Scale Training For Agents (Trabucco, Sigurdsson,
Piramuthu, Salakhutdinov, arXiv 2025)



WebArena

Shuyan Zhou Frank Xu

e Most realistic web environment at the moment

e Websites from popular categories (shopping, Reddit, GitLab)
- Self-hosted open source re-implementations
- Data from real websites (Amazon, Reddit, GitHub)

e Tasks are easy for humans (78% success rate) but difficult for language
model agents (14%)

e But: Tasks are designed to use just text and HTML source code

e Messy HTML, JavaScript: usually minified or compressed for efficiency

e Interactive elements don’t display correctly in HTML
o e.g., JavaScript/CSS code that moves objects after the page is loaded

e Context length: HTML pages are complex, easily filling up > 100k tokens

Zhou*, Xu*, et al., 2023. “WebArena: A Realistic Web Environment for Building Autonomous Agents”
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e Messy HTML, JavaScript: usually minified or compressed for efficiency
e Interactive elements don’t display correctly in HTML

o e.g., JavaScript/CSS code that moves objects after the page is loaded
o Spatial layout is also usually not conveyed well

e Context length: HTML pages are complex, easily filling up > 100k tokens
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VisualWebArena  §

Jing Yu Shuyan Zhou Frank Xu

e Build and track the progress of multimodal agents Kon
e \We design visually grounded tasks to test these abilities
e Visual inputs (and outputs) allow for unique, interesting, and realistic tasks

- | “Buy the cheapest color photo
» g - U O E prirjter and send it to I_Emnlly's» )
¢ _, plece (as shown in the image).

"Navigate to the comments section of the

s _= —_ N
aﬂeﬂm redd” OsClass u latest image post in the /f/Art subreddit T N elick
- that conlains ammals.” e L / [1602]
= (5 / 7
e —— —
e |\ I 2 ~;) e — "Help me make a post selling LLM/ VLM
e oudedie Resources - Tools il this item and navigate to it. Agent
N ’ ~En = Price it at $10 cheaper than the
[ ——— most similar item on the site.”
VisualWebArena Sites webpage Task Specification

JY Koh, V. Duvvur, P. Huang, L. Jang, MC Lim, R. Lo, G. Neubig, S. Zhou, R. Salakhutdinov, D. Fried



VisualWebArena: Classifields

E DsClass

What are you looking tor today?

Task: Find this exact
bike that's listed for
$300-500 and post a
comment offering $10
less than their asking
price.

Carnegie Mellon University




VisualWebArena: Shopping

One Stop Market

Resaity b Bevsenn] face Sywmis & Outibimes
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Task: Buy the cheapest
color photo printer and
send it to Emily's place
(as shown in the image).
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VisualWebArena: Reddit
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VisualWebArena

POMDP environment: £= (S, A, O, T) ,
e Observations ()

e W ErE COSOMS 107, COnY ace webacens oaescpihop com eoe wrbarenacnestopshop cam
Fwr ;-‘--»'7-" :'.[“ )
— ,l,“‘ . ReotWebArca ‘Patio, Lawn .
—— R ) 151 S TR 11 “"i"‘ "!’I‘"g-’ X
— <div class> ¢ lmape ,
oy v i <abref~".">Outdoor Patis .. li:"‘(?(‘ll.:t‘;‘f'; Futie.
{ ¢ ‘ ¢ : T <din StaticText "Rating:’'
®» “ :Jp;.lv-qulg:* span> "‘l"“,"l“l' R”i:;‘e“
<dlvz
< . . . StaticTex! <$49.99°
: P d}f':" §2%</pan butten "Add to Cart® focusable: True
aing o : <a hrel="._4reviows' >12 butten :Wish List’ focusable: ...
=3 — ! <spzn>Revlews<'span><'a> butten "Campare’ focusable: ...

e Actions A e Deterministic transition function

Actlon Type o Description T - 8§ x A_) S

click [2lem] Click on ¢lement elem.

hover [elem] Hover on clement elam

type [eler] [text] Type text on¢lement elem, .

press [kev.cenb]l  Press a key combination. ° Reward function: T(a, S)
new. tab Open a new tad,

tab_focus [index)] Fecus onthe I-thizb.

tab_close Close current tab,

pota [url) Open url

pa back Click the back button

pa foraard Click the Torward burron,

scroll [up|dowr) Seroll up cr down the page.
sten [answer] End the task with an optional output.
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One Stop Market

Bauty & Fersonad (e Sporty § Ousdoon Cothing. 2200 & Jewelry Mome & Xkchen OMce Procucty Tous AMorne Ingrovement

Mraxh & Fouredoic Patio, Laver & Garden Ectrenics Col Phones b Acconmrion Video Garman Grocery & Sowmet Food

Image
Inputs:

Canon PIXMA MG2120 Color Fhoto Printer with Scanner and Copier

INSTOCK S»

Task: “Buy the cheapest color photo
printer and send it to Emily's place (as
shown in the image).”

Shopping
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Step 0: Start on the homepage of
OneStopMarket.

Carnegie Mellon University

Task: “Buy the cheapest color photo printer and
send it to Emily's place (as shown in the image).”

Dewe StooMarkist
&Pt G Bt ool Cumbnn Onilimg s Bfwwmby  Farw & Kdere Cn Pasbanis Mows @ vem brmwrw i
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hoply " : TR - 40 48 TRy roRmON
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Step 1: Navigate to the printers category.



Frinters & Accesscries
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Step 2: Sort by descending price.

Carnegie Mellon University

| Task: “Buy the cheapest color photo printer and
send it to Emily's place (as shown in the image).”
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Step 3: Click on the cheapest
color photo printer.
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Task: “Buy the cheapest color photo printer and
send it to Emily's place (as shown in the image).”
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Step 4: Add it to the shopping cart. Step 5: Proceed to checkout



Step 6: Edit address to that of Emily’s
place.

Carnegie Mellon Universify

Task: “Buy the cheapest color photo printer and
send it to Emily's place (as shown in the image).”

Do Ston Market
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Step 7: Place the order




VisualWebArena

Distribution of Tasks Across Sites

Multi-Sita
C assifeds
o 255%
18.7%
50.9%
Reddil
Swoppny
Sites
Shopping Reddt Classihods Aul-Ste

Re@asoning Difficulty

Carnegie Mellon Universify

Distribution of Tasks by Difficulty

o N
(7.0% |
N 4

=ard

Meadium

Fasy Medium Hard
Visual Difficulty



Execution Based Evaluation

Webpage !/ Input Image(s)

Example Intent

Reward Function 7(s, o) Implementalion

What is the ISIN of the company
that occupies the largest portion
1n Warren Buffet’s portfoho” An-
swer using the information from
the Wikipedia sie in the second
Lub,

exact maten(a, “USA3IT3331835")

Add something like what the man
is wearing Lo my wish st

url-"/wishlist”

locator (", wisnlist .procuct~image-photo”)

eval vqady, "Is Lhis a polo shirlt? (yes/no)", "ves")
eval vgace, “Is tnis shirt green? (yes/no)", “"yes")

Create a post for each of the fol-
lowing images in the most rzlated
forums,

eval fuzzy iwzge match(s, a*)

Navigate 1o my listing of the white
carand change the price to $25000
Update the pricz in the dascription
as well.

url="/index.prpipage=iterdid=64144"
must_includela, "$z-€80 |03 $25,080")
must.exclude{a, "332020 |OR] $30,003")

Carnegie Mellon Universify



LLM and VLM Agents
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Visual Language Models as Agents
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Accessibility tree / HTML kel -
representations: Cluttered with VLM + SoM: Simplified representation with Set-of-
unnecessary information, long and Marks (SoM) prompting over interactable elements.
confusing context.


https://arxiv.org/abs/2310.11441
https://arxiv.org/abs/2310.11441
https://arxiv.org/abs/2310.11441

Visual Language Models as Agents
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“I'm trying to find
this post. Navigate
1o the comment

M sacton forit”

- ant 10 op
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[l Toolxe
> ) ey Pecar Ooaseet 4 |
mr o St - =g m™
X . :

m

Promempae| vargrerta per

- o it -

- Lasned
- 1 o Bt wwr By e Manade!
- R )

" 'l -
m Do'lw parer
P i

- 1 w—

Webpage with SoM of Interactable Elements

[7] [A] [Comments)

[8] [EUTTON] [Hot]

[€] [ING] [description: picture of a punpkin]
(16] [A] [kneechalice]

SoM Elements and Text Content

LLM/VLM
Agent

N 7’
N,

click [31]
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Visual Language Models as Agents

User goal:

Observations

o,

-

St | I'm trying to find this post. Navigate

g

Multimodal

B et ) e

g P— r~
s Pomenmade] Chigatcry Halowees Fumghun Loa®
mr [

=]

5 [l ate] Mapie Pecas Ooasant m
m~.q e - n
. rpe=—isl
- Mtecston oy

Momegpde] Masgherta pirra

......

[7] [A] [Comments)

[8] [BUTTON] [Hot)

[9] [IMG] [description: picture of a pumpkin]
[10] [A] [kneechalice]

LLM

\4
Let's think step-by-step.. The objective
i1s to navigate to the find the post and
navigate to the comment section for it.
From the observation, I can see.. To
navigate to this listing, I need to click
on the comment link associated with the
sushi. In summary, the next action I will

perform is "~ “click [34] "
v
Action a,: click [34]

VLM + SoM: Simplified representation with Set-of-Marks (SoM)
prompting over interactable elements.


https://arxiv.org/abs/2310.11441
https://arxiv.org/abs/2310.11441

Baseline Agents

100
80
60

40

Overall Success Rate (%)

207

.

Text-cnly

Success Rates of GPT-4 on VWA

Carnegie Mellon University

Text + Captions Mu'timeda SoM

Human Performance



Baseline Agents: Text-based LLMs

Carnegie Mellon Universify

Model Type LLM Backbane Visual Backbone Inputs Success Rate (T)

Text-unly LLaMA-2-70B Access bilivy Tree 1.10%
Mixtrzl-28x78 1.76%
Gemin -Pro 2.£0%
GPT-3.5 2.20%
GFT-4 7.25%

Caption-augmented LLaMA-2-70B 3L P-2-TSXL Access bilizy Tree + Captions 1.66%
Mixtrcl-2x78 3L P-2-TSXL 1.87%
GPT-3.5 -LavA-7B 2.75%
GFT 3.5 SLP 2 TSXL 2.27%
Gemin -Pro SLP-Z-TOXL 3.65%
GFT-4 3L P-2-TSXL 12.75%




Baseline Agents: Multimodal LLMs

Carnegie Mellon Universify

Model Type Multimodal Model Inputs Success Rate (1)
Multirwda CERICS-80B-struct Imsge + Zautions + Actessibiily Tree 0.77%
Coav._M 0.33%
Seminl-Pro ©.07%
GPT-4V 15.02%
Multimodal [SoM| CERICS 0B Imstruct Im3age + Cactions + SoM 0.99%
LogV.M 0.35%
Gemini-Pro 571%
GPT-4V 16.37%
H_man Pzrformance Weapage 28 704,




T | Task: "I don't like the
/ \, | author of this image
=% =msy from one of the hot posts
\ /| in ffimemes. Can you
mam=__| help me block them?"

Ser 0: Start on the hnmepage

Step 1: Search "/f/memes”

Carnegie Mellon University

I

Step 2: Navigate to the list of zl
forums

0 Recdnt
F— s .-.!-..............-'ﬂll.... ...!!..............-!gll....
-\, - — - ’.' % -
= S =k
P : B ——— e B ——E

i )

A a
-
-

»
i 'R

Step 3: Navigate to the
H/memes forum

Step 4: Go to tre profile page of
the vser who postec the targst
Imzge

Step 5: Click the block button

Step 6. Canfirm blocking the
user

Successful execution trajectory of the GPT-4V + SoM agent on the task for blocking a user
that posted a certain picture



Web Agent Architecture

e Model architecture of our interactive agent:

- High-level Planning and Reasoning
- Observation Parsing

- Low-level Action Generation

Observed J >[ HTML +

Carnegie Mellon University

J—»[ Return ]

Webpage Image
Low-level
PLANNING/ Actions
REASONING P
. . 1gN-
[ Objective ] >[ Plans \

Refine



Planning

Carnegie Mellon University

High-level plans are important for long-sequence and complex objectives.

Task: Buy the highest rated product from the Beauty & Personal Care category within a budget under 20.

Step 1: Navigate to the Beauty & Personal Care
Category (1 low-level action)

————

CLICK =

ﬁ“ﬂ@%" > | R

—

[ -]

=

Step 2: Sort based on rating for that category (2 low-
level actions)

SELECT %
SORT

Step 4: Buy the selected item (3 low-level actions)

Dovw Shoxs Mowdant

o PAY ADD

Step 3: Select one item under 20 dollars (1 low-
level action)

CLICK

¢




Measuring Productive Tasks

VisualWebArena is a step towards building

general purpose agents. But:

« Tasks are not very consequential. do not

represent significant economic value

* Tasks are simpler, as current LLM agents do not

even do well on these problems

Long term: Automate productive,
economically valuable tasks

Carnegie Mellon University

lllllllllllllll

RN Y0NS DY L Lise D00

-----

Examples from Collabora Online / LibreOffice.



https://github.com/CollaboraOnline/online

Carnegie Mellon University

Common Failure Modes

» Long horizon reasoning and planning:
Models oscillate between two webpages, or get stuck in a loop
Correctly performing tasks but undoing them
Agents tend to stop exploration / execution too early



Carnegie Mellon Universify

What is Missing?

» We need to do a lot more to close the gap:
Reasoning and Planning over long horizons
Allow agent to Search, execute and coordinate multiple instances in parallel and
ask for clarifications/confirmations
Strong vision-language-code models

|dentifying the appropriate level of abstraction for agents (HTML/screenshots/
APls)

Multimodal models: Many real-world tasks require visual grounding to
effectively solve (e.g., every task involving PowerPoint, Excel, Photoshop). To
develop strong general agents, we will need to train and build strong vision-

language models.



Carnegie Mellon Universify

Talk Outline

e \VisualWebArena -- Evaluating Multimodal Agents on Realistic Visual
Web Tasks (Koh et al., ACL 2024)

e Tree Search for Language Model Agents (Koh, McAleer, Fried,
Salakhutdinov, arXiv 2024)

e Towards Internet-Scale Training For Agents (Trabucco, Sigurdsson,
Piramuthu, Salakhutdinov, arXiv 2025)



Accuracy @ k steps:

1 (single step)

90%

95%

99%

99.9%

99.99%

5

59.05%

77.38%

95.10%

99.50%

99.95%

10

34.87%

59.87%

90.44%

99.00%

99.90%

Exponential Error Compounding in Agents

30

4.24%

21.46%

73.97%

97.04%

99.70%

Carnegie Mellon University

50

0.52%

7.69%

60.50%

95.12%

99.50%



Local Decisions; Global Consequences

“Add coconut milk to my cart”

click [31]

0.5 ,

Vel

/V

N\

A_ 0.2
click [24]

0.2

0.1
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Local Decisions; Global Consequences

“Add coconut milk to my cart”

click [31]

0.5 ,

N

/V

N\

J_ 02
click [24]

0.2

0.1
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Search By Repeated Sampling

1. Sample actions from
the language model until [STOP].

Pan et al. 2024,
Autonomous Evaluation and Refinement of Digital Agents



1. Sample actions from

the language model until

Search By Repeated Sampling

[STOP].
2. Evaluate the resulting
trajectory |
3. Repeat?
. .

_—

Pan et al. 2024,

Autonomous Evaluation and Refinement of Digital Agents

Carnegie Mellon University




Search By Repeated Sampling

1. Sample actions from
the language model until

[STOP].
2. Evaluate the resulting
trajectory |

3. Repeat?

.

\

Pan et al. 2024,

Autonomous Evaluation and Refinement of Digital Agents

Carnegie Mellon University




Search By Repeated Sampling

Carnegie Mellon University
1. Sample actions from

the language model until
[STOP].
2. Evaluate the resulting
trajectory

3. Repeat?
r »

™~

/ ,

Pan et al. 2024,

Autonomous Evaluation and Refinement of Digital Agents
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Search By Repeated Sampling

Qracle vs Fradicted Scores

w— raclz
0.75 I'redicles (G 3,30
=== Average Value
0.20
L Repeated
1 - .
: P sampling helps!
/
1 //
) / _
I - ot IRV RPN SO B
0.05
00U ' | | ' '
1 ? 3 4 S a 7 i Q
# of Runs

e But the space is exponentially large. Can we guide exploration?
e Key idea: apply value function to intermediate nodes.



Our Method: Tree Search

e Best-first search algorithm

® [ngredients:
o Baseline agent to propose

Carnegie Mellon University

actions.

o Way to backtrack in the
environment.

o Avalue functionv, = f.(I,{01,...,0,})
to score and rerank candidate
states.

In this work, we prompt a multimodal LLM
(GPT-40) to act as an evaluator.

v =0.55



Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

E -

GPT-40 Agent + Search

F:;-'.

Starting State

Carnegie Mellon Univendgy

Legend

o Step sequence

= » Backtracking

=l | State values




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

>

E -

GPT-40 Agent + Search

% v=0.5

Starting State

Carnegie Mellon Univerg®

Legend

o Step sequence

= » Backtracking

=l | State values




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

E -

P

GPT-40 Agent + Search

B -

Starting State

Carnegie Mellon Univer§3

Legend

o Step sequence

= » Backtracking

=l | State values
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Task Instruction () “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence V=19 State val
this, but red instead of brown to the comparison o Pseq B otate values
page?” —» Backtracking
GPT-40 Agent
> >

M “ -
-

E s | B o e
Starting State ‘
v=o045.




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

‘v “ -
-

7 = | ==- & 'ﬁjmn&g-

— “ -
=]

Starting State

Carnegie Mellon Univerng§

Legend

o Step sequence

= » Backtracking

v=10 I State values




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

‘v “ -
-

7 = | ==- & 'ﬁjmn&g-

— “ -
=]

Starting State

Carnegie Mellon Univer§g

Legend

o Step sequence

= » Backtracking

v=10 I State values




page?”

GPT-40 Agent

‘v “ -
-

Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison

— “ -
=]

Starting State

Carnegie Mellon Univengiy

Legend

o Step sequence

= » Backtracking

v=10 I State values




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison

GPT-40 Agent

-
Fq‘

— “ -
=]

Starting State

Carnegie Mellon Univer§8

Legend

o Step sequence

= » Backtracking

v=10 I State values




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

‘v “ -
-

— “ -
=]

Starting State

Carnegie Mellon Univer§@

Legend

o Step sequence

= » Backtracking

v=10 I State values

4

v T -




page?”

GPT-40 Agent

‘v “ -
-

Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison

— “ -
=]

Starting State

Carnegie Mellon Univerg)

Legend

o Step sequence v=1.0 | State values
= » Backtracking

4

L, X

Failure

ﬁ""'ﬂ%' v=055




Task Instruction ( ﬂ“Canyouaddtmsandthe
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

— “ -
-
=

= >E“n&é‘

— “ -
-
=

Starting State
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Legend

o Step sequence

= » Backtracking

v=10 I State values

v T -

X

Failure
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence v=10'" State val
this, but red instead of brown to the comparison o P seq ] State values
page?” = p» Backtracking
GPT-40 Agent
1OF 710 "10F 10 X
F’E - = = B e 1 - B v 1 - Failure
GPT-40 Agent + Search
o e > £, N
F:, v=05 (o= V=045 ki v=04
3 == J
Starting State A
v =0.45 el v=05 - v =0.55 - v=03




Task Instruction ( )E “Can you add this and the
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

GPT-40 Agent

B -

| = = g t:_?'u_%ée

GPT-40 Agent + Search

E -

Starting State

(= v =0.45 — v =04

(R

Carnegie Mellon Univerg®

Legend

o Step sequence

= » Backtracking

v=10 I State values

B B -

X

Failure
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence v=10'" State val
this, but red instead of brown to the comparison o P Seq ]| State values
page?” —» Backtracking
GPT-40 Agent
1OF 710 "10F 10 x
P}, = Tem ﬁ""ﬂi&%‘ 'ﬁmﬂﬁ‘;. Failure
GPT-40 Agent + Search
. | > : N
F:, v=05 (o= V=045 ki v=04
3 = J
Starting State A
,,,,,, ™ - ’
v=0.45 = v=0.5 il = B - v =0.55 - v=0.3
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence V=10 State val
this, but red instead of brown to the comparison o P seq ] State values
page?” = p» Backtracking
GPT-40 Agent
NMOF-10OF~—10 =10 X
P*'.: - B = ﬁ - u 5’%’3 = ﬁ o B jl'a = Failure
GPT-40 Agent + Search
- . ' > \
F:, = v=05 Hem v =045 e v=0.4
Starting State A~ =
,,,,,, ™ - ’
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence V=10 State val
this, but red instead of brown to the comparison o P seq ] State values
page?” = p» Backtracking
GPT-40 Agent
NMOF-10OF~—10 =10 X
P*'.: - B = ﬁ - u 5’%’3 = ﬁ o B jl'a = Failure
GPT-40 Agent + Search
- . ' > \
F:, = v=05 Hem v =045 e v=0.4
Starting State A~ =
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence V=10 State val
this, but red instead of brown to the comparison o P seq ] State values
page?” = p» Backtracking
GPT-40 Agent
= Q=20 =510 =2 X
F‘; - == t s ﬂ ;Séé - 4 - B B - Failure
GPT-40 Agent + Search
- . ' > \
F:, = v=05 Hem v =045 e v=0.4
Starting State A~ =
,,,,,, ™ - ’
v=0.45 el v=0.5 il ® v =0.55 - v=0.3
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Task Instruction ( ) “Can you add this and the Legend
other canned fruit (of the same brand) that looks like Step sequence v=10'" State val
this, but red instead of brown to the comparison o P seq ] State values
page?” —» Backtracking
GPT-40 Agent
1OF 710 "10F 10 X
F‘; - Sl < e ﬂ ;Séé - ¥ - B ﬁ‘; - Failure
GPT-40 Agent + Search
= > ‘ N
F:, v=05 (o= V=045 ki v=04
3 = /
Starting State A
v =0.45 el v=05 - v =0.55 : = v=0.3




Task Instruction ( )E “Can you add this and the
other canned fruit (of the same brand) that looks like
this, but red instead of brown to the comparison
page?”

Carnegie Mellon Univerg@

Legend

o Step sequence

= » Backtracking

v=10 I State values

GPT-40 Agent
A > : 54 e ™ o - X
P}, - = ﬁ""ﬂi&s‘ ﬁmﬂﬁ‘;. Failure
GPT-40 Agent + Search
= | |5 P . N
F:'c = v=05 = V=045 = ,v=0.4
Starting State A
we M E -0 ’
v =0.45 o v=05 - v = 0.55 B v=03
-
“ —. - W - - -
> —_
v=045 = @ ®| [v=0ss o v=068 o :: | EeE
P s s s o o =
R BN
v=0.5 i :- : -~ v=1.0 Success
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Results

WebArena VisualWebArena
20% 19% 28% 26%
15%
15% 21% 19%
17%
10%
10% 14%
8%
8%
5% 7%
0% 0%
Llama-3-70B GPT-40 Llama-3-70B GPT-40
B Baseline M w/ Search Baseline M w/ Search




Ablations

Success Rate vs. Search Budget
0.4

Success Rate (1)
M

L
- |

0.0
0 ] 0 i) 20

Max Search Budget ¢ (# of node expansons)

Success rate on a subset of 200 VWA tasks
with search budget . # = 0 indicates no
search is performed. Success rate generally
increases as ¢ increases.

Carnegie Mellon University

Depthd Branchb SR (1) A
0 1 24.5% 0%

1 3 26.0% +6%

5 32.0% +31%

2 3 31.5% +29%

5 35.0% +43%

3 5 35.5% +45%

5 ) 37.0% +51%

Success rate (SR) and relative change over
the bascline (A) on a subsct of 200 VWA
tasks with varying scarch depth (d) and
branching factor (). d = 0 indicates no
search i1s performed. All methods use a max

scarch budget ¢ = 20.



Ablations

e Having a good value function is
essential.

e There is still a lot of headroom for
iImproving both the base agent policy,
and the value function.

Carnegie Mellon University

Value Function SR (1)
None (no search) 24.5%
LLaVA (w/SC,n = 20) 30.0%
GPT-40 (no SC) 28.5%
GPT-40 (w/ SC, n = b) 32.5%
GPT-40 (w/ SC, n =20) 37.0%

Table 3: Success rate of the
GPT-40 agent with different

value functions.
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Qualitative Results

Task Instruction ([ ): “| recall seeing this exact item on the site, help me find the most recent
R post of it. | recall seeing it in either the Collectibles or Antiques section.”

GPT-40 Agent + Search

Starting State

O -
¥ ==
n-. ,- S
v=05 e = v =053 ol \v=045
[ l- 7
.
' A
O —
i
= -~
v=0.53 - v =063 Yyv=0.2
. ot 2
-
_
O =0
- - m

-
v =063 z =) Success

Legend: o Search sequence - -» Backtracking -| State values
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Qualitative Results

wishlist?”

- Task Instruction ([ ): “| need something like this for my apartment. Can you add one to my

GPT-40 Agent + rch

.

E"U‘ V=05 | MQ{ v=0.98 .Q_‘_u. v=09 @ A " veo8s

: r'd
Starting State AT
b ™ \
v=09 , )v=045
. - A - 7’
O
e ! : — V|

= -
v=098 | ..‘.u p=ae) Success

Legend: o Search sequence - -» Backiracking -| State values
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Limitations

e Search is slow
- We implemented backtracking in a relatively naive way (store actions in
a queue, take them again to get to the original state)

e Dealing with destructive actions
- Some things on the web are very difficult to undo, e.g., ordering an item
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Current Work

e Search as a policy improvement function
e Improving Value Function by fine-tuning instead of prompting

e Explore compute tradeoff between improving baseline agent vs.
doing more search at inference time

e What if we don’t have a perfect simulator — how can we collect
data at scale?
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Talk Outline

e \VisualWebArena -- Evaluating Multimodal Agents on Realistic Visual
Web Tasks (Koh et al., ACL 2024)

e Tree Search for Language Model Agents (Koh, McAleer, Fried,
Salakhutdinov, arXiv 2024)

e Towards Internet-Scale Training For Agents (Trabucco, Sigurdsson,
Piramuthu, Salakhutdinov, arXiv 2025)



Agents Suffer From A Data Problem

e Top LLMs fall short of humans by
68.92% on Visual Web Arena

e LLMs are often trained offline, then

deployed zero-shot as agents

Training Data

LLM
\—/ !

Test Environment

Overall Success Rate (%)

100

40

20}

'~ 11

0

LLM

Carnegie Mellon University

Success Rates of GPT-4 on VWA

Multimodal LLMs

Human



Agents Suffer From A Data Problem

e Top LLMs fall short of humans by
68.92% on Visual Web Arena

e Can synthetic tasks unlock
internet-scale training for agents?

Test Environment

Training Data

Overall Success Rate (%)

100 ¢

80

40

20t

'~ 11

0

LLM

Carnegie Mellon University

Success Rates of GPT-4 on VWA

Multimodal LLMs

Human
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Towards Internet-Scale Training For Agents (InSTA)

e (Can synthetic tasks unlock internet-scale training for agents?

e Key ldea: use Llama to generate and verify synthetic agentic tasks

Stage 1: Task Generation Stage 2: Task Evaluation Stage 3: Data Collection

. B m o /_\‘ - www.github.com
WWW . glthub . COom 0 -0 ‘ www.stackoverflow.com
- \\\_’// u www.uefi.org

www.javatpoint.com
manuals.playstation.net
calculator.bcis.co.uk
research.vu.nl

LLM LLM



http://www.github.com/
http://www.github.com/
http://www.stackoverflow.com/
http://www.github.com/
http://www.github.com/
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Use Llama To Generate Agentic Tasks

e Given a web domain as text (i.e. merseyferries.co.uk)

e Propose a realistic task that an average user could complete in one
session.
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Use Llama To Generate Agentic Tasks

e Given a web domain as text (i.e. merseyferries.co.uk)

e Propose a realistic task that an average user could complete in one
session.

Llama-3.1-70B-Instruct: describe the “merseyferries.co.uk” site

Mersey Ferries (merseyferries.co.uk) is the official website for the famous Mersey Ferry service in
Liverpool, England. This website serves as a one-stop platform for users to access various services and
information related to the ferry operation. Here are some things a user can do on this site:

1. Plan a Journey: Users can plan their journey by checking the ferry timetable, which includes
departure and arrival times for both commuter and cruise services.

2. Book Tickets: Users can book tickets online for both commuter and cruise services, including the
popular Manchester Ship Canal Cruise and the Liverpool Bay Cruise.
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Use Llama To Generate Agentic Tasks
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e Heavy-tailed distribution, most tasks involve information retrieval

e Crucially, tasks do not modify the state of the internet



Generated Tasks

Carnegie Mellon Universify

e Tasks are diverse, and many require multiple steps of reasoning
(i.e., what makes a font suitable for a children’s book)

Web Domain
wordpress.org
policies.google.com
ec.europa.eu
vimeo.com
fonts.adobe.com

apps.apple.com

Generated Task
Find a free and popular theme for a personal blog.

Read Google's terms of service for using YouTube.

Retrieve a report on the EU's climate change policy.

Find a short film on environmental conservation.
Browse fonts suitable for a children's book.

Find the top-rated free productivity app for iPhone.
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e Llama can identify facts that a site is likely to contain, such as the
meaning of the Om symbol

Web Domain
ancient-symbols.com
petsforhomes.com.au
timorousbeasties.com
shop.nikon-image.com
blueridgecountry.com

awg-fittings.com

Generated Task

Look up the meaning of the Om symbol in ancient cultures.
Find a list of available dogs for adoption in New South Wales.
View the latest fabric designs by the Timorous Beasties studio.
Compare prices of the Nikon D850 and D500 cameras.

Find a scenic hiking trail in the Blue Ridge Mountains.

Find the dimensions of a 1/2\" NPT fitting.



Generated Tasks
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e Llama has broad knowledge of sites, such as for timorousbeasties.com,
an independent Scottish design studio (fairly obscure)

Web Domain
ancient-symbols.com
petsforhomes.com.au
timorousbeasties.com
shop.nikon-image.com
blueridgecountry.com

awg-fittings.com

Generated Task

Look up the meaning of the Om symbol in ancient cultures.
Find a list of available dogs for adoption in New South Wales.
View the latest fabric designs by the Timorous Beasties studio.
Compare prices of the Nikon D850 and D500 cameras.

Find a scenic hiking trail in the Blue Ridge Mountains.

Find the dimensions of a 1/2\" NPT fitting.



Generated Tasks

View the latest fabric
designs by the Timorous
Beasties studio

e Tasks are grounded,
even for sites in the talil
of the data distribution

NEW & NOTABLE

NEW ARENALS

SHOP STORES  ABCUT

Sh‘opp'e’xr Bags

Carnegie Mellon Universify
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The Data Pipeline

e Key ldea: use Llama to generate and verify synthetic agentic
tasks.

Stage 1: Task Generation Stage 2: Task Evaluation Stage 3: Data Collection

. B m o /_\‘ - www.github.com
WWW . glthub . COom 0 -0 ‘ www.stackoverflow.com
- \\\_’// u www.uefi.org

www.javatpoint.com
manuals.playstation.net
calculator.bcis.co.uk

research.vu.nl
LLM LLM
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The Data Pipeline

e Key Idea: use Llama to generate and verify synthetic agentic tasks

e How do we know when tasks are solved? Build on Llama models

Q Stage 2: Task Evaluation Stage 3: Data Collection

. B m o /_\‘ - www.github.com
WWW . glthub . COom 0 -0 ‘ www.stackoverflow.com
- \_/ u www.uefi.org

www.javatpoint.com
manuals.playstation.net
calculator.bcis.co.uk

LLM LLM L
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Automatic Task Verification

e How do we know when tasks are solved?
- Observe a sequence of actions, and the last observation

- Estimate the probability the task is a success at the final step

\"/iLh-"[('ST= a’l:T) — P(SUCCCSS‘ST, a’l:T)
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Automatic Task Verification

e How do we know when tasks are solved?
- Observe a sequence of actions, and the last observation
- Estimate the probability the task is a success at the final step

VLLM(ST; ar.7) = P(success|st, ap.7)

e Prompt Llama to rate its confidence the task is solved on a scale
from 0.0 (not possible) — 1.0 (certain)

e Of 150,000 tasks, 14.6% are rated as a success with a confidence
of 1.0 by the Llama verifier, roughly 22,000 tasks
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Exploring The Data: InvasivePlantAtlas.org

Proposed Task: find invasive plant e o |
" . . PI ‘* | T 1
species native to North America Invasive anjAtlag "m%

Agent Response: : | Q- Concribute Plant .
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, , Yy
_ _ _ . . o viapS
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North America, I will first click on the Poogmeotide
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Exploring The Data: InvasivePlantAtlas.org

Agent Response:

To find invasive plant species native to North
America, I will first click on the link "Home"
to go back to the main page and then click on
the link "Sources" to view the list of sources
that provide information on invasive plant
species native to North America.

However, since the link "Sources" is not on the
current page, I will first click on the link
"Home" to go back to the main page.

Here is the action in JSON format:

*json Misread
{ P
“action_key“: Ilclick", age
"action kwargs": {},
"target element id": 1
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e e e e e e T e
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1301 Reww e
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Subiect Name Schertitic Meme | T Ko
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veloathd AbLsion Bwophraen Avdk M Farse/Warte
eared 3 N XN n 2 S
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Exploring The Data: InvasivePlantAtlas.org

Agent Response: In‘/aswe Plaﬂ‘t Atlas ‘:m T L-.th ‘ &Tg

of the Unized Syt
To find invasive plant species native to North  [EEEEEEETErrEEEEmE i
America, I will first click on the link
SOUJ:.‘CGS. to view the l:!.St of sources that. . Q ¢ Consibue e
provide information on invasive plant species : ' Distribut-on 1ata to

native to North America. /)- a' ‘ EDD

Lady 1D se i 1D wsts i Wipng oo

Segvendds
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Exploring The Data: InvasivePlantAtlas.org

Agent Response:

To find invasive plant species native to North
America, I will first click on the link "FONA"
under the "Native Range and Taxonomic
References" section, which stands for "Flora
of North America". This will take me to the
Flora of North America website, where I can
search for invasive plant species native to
North America.

Here is the action in JSON format:
"~ json
"action key": "click",

"action kwargs": {},
"target element id": 25
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Exploring The Data: InvasivePlantAtlas.org

Agent Response:

To find invasive plant species native to North
America, I will first click on the link "Sort on
“U.S. Nativity”" to sort the list by the
nativity of the plant species in the United
States.

Here is the action in JSON format:
" json
"action key": "click",

"action kwargs": {},
"target element id": 20
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Exploring The Data: InvasivePlantAtlas.org

Agent Response:

To find invasive plant species native to North
America, I will first scroll down the page to view the
list of invasive plant species that are native to
North America.

However, since the list is already sorted by "U.S.
Nativity" in ascending order, I can see that the first
165 plant species are native to North America.

Here is the action in JSON format:
" json

"action key": "stop",
"action kwargs": {
"answer": "The first 165 plant species on the
list are invasive plant species native to North
America."

¥

"target element id": null
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Exploring The Data: InvasivePlantAtlas.org

Proposed Task: find invasive plant
species native to North America

Despite reasoning failures, the agent
self-corrected, and found the target
information

The Llama verifier evaluates this
trajectory as successful
with confidence = 1.0

Invasive PlagtAﬂas sy =
- |

Pl Bpecios Repwied o be Tivasive in Matural Aveas List
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Find the opening hours
for La Sagrada Familia.



Find information on the
European Union's
climate action policies.
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The Data Pipeline

e We've covered generation and verification of synthetic agentic
tasks

Q Q Stage 3: Data Collection

www.github.com
www.stackoverflow.com
www.uefi.org
www.javatpoint.com
manuals.playstation.net
calculator.bcis.co.uk
research.vu.nl

www.github.com

LLM LLM
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The Data Pipeline

e We've covered generation and verification of synthetic agentic
tasks

e Now we can scale up data collection

Q Q Stage 3: Data Collection

www.github.com
www.stackoverflow.com
www.uefi.org
www.javatpoint.com
manuals.playstation.net
calculator.bcis.co.uk
research.vu.nl

www.github.com

LLM LLM
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Scaling Up To 150k Live Websites

e We can use the Common Crawl PageRank to find important sites

- 97% accuracy in detecting and filtering harmful content
- 89% success rate in generating feasible tasks
- 82% accuracy in judging successful task completions

4
R ;
/A &y N J&
)¢ ’.tU“':'? e‘ o | L
q’"_g ,3‘5":7-;, e www.qgithub.com _ - \_/ ‘
o .E(:ia st B3 :
o dgnpresess LLM — .
eV N & y
° %% e
st ared v, LLM
... ® o
'.‘. e® y °
* Top 1M
The Internet PageRank 150k live websites Attempt & Verify

[4] CommonCrawl, The Common Crawl Foundation, 2024.
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Results: Improving Efficiency

Element loU

Element Accuracy
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Carnegie Mellon University

e Training on synthetic and
human demonstrations scale
faster than training on human
data

e Adding synthetic data improves

Step Accuracy by
+89.5% relative to human data
for Mind2Web

- +122.1% relative to human
data for WebLINX
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Results: Improving Generalization

0.5 1.0 Rkttt URETRRIT 05 -+ 10 e
S04 | 08 [ -0 DR i
; 03 (.64 ;{, .ol 03 : 0.6 -.d.‘:
> | g : - O - .
: 5 e Y T
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7 0.1 0.2 1 mfm 0.1 - LRI S ,‘{9% :

0.0 - 0.0 0.0 o
Easy Medlum Hard Easy Medlum Ha.\.

WebLINX Diverse Sites Mind2Web Diverse Sites

B InSTA + Human Data 8 Human Data Only

e Training with only human demonstrations struggle with generalization
e Adding synthetic data improves generalization by

- +149.0% for WebLINX

- +156.3% for Mind2Web
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Next Steps

e There are 385M unique domains in the Common Crawl PageRank,
suggesting another 1000x more data could be available by scaling
further

e Moving towards online RL
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Physical Agent: Long-horizon Robotic Manipulation Task

e Model architecture of our interactive agent:
- High-level Planning
- Observation Parsing
- Low-level Action Generation

Joint Angle Controls

Module
Observed > Semantic
Image + Depth Segmentation
Low-level
>
{ Actions I [ Return ]
>[ High-level

Objective
CEDy =
Module Reﬁne
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Plan-Sequence-Learn

. Planning Module LLM ]

High-level Plan

[ Region 1 [-{Regionn ] [ Region N

Condition 1 Condition n}- Condition N
oy Sequencing/Parsing Module . Low-Level Action .
: Learning Module :
¢ '———» Pose Estimation : Qfecal :
s )m Ham " S
“rpb <& " ' A :
(Fiahal ~ *‘r- I. ]r() ’g‘(} '
sepct s »F N |

—p  Motion Planner ' T Tnrmieation Sondiion
. : K e (4.5, graspih

* Sequence next camponent of plan

Plan-Seg-Learn (PSL): Language Model Guided RL for Solving Long Horizon Robotics, M Dalal, T
Chiruvolu, D Chaplot, R Salakhutdinov, ICLR 2024
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Planning Module [ um |

High-level Plan

* Structured language plans: (object, condition)
* Prompt: Task description, conditions, objects,
formatting

[ Region 1 ] [ {Regionn [ Region N }
L Condition 1 Condition n} LCondition N

Stage termination conditions: (grasp, place).

Task description: The silver nut goes on the silver peg and the gold nut goes on the gold peg. Give me a simple plan to
solve the task using only the stage termination conditions. Make sure the plan follows the formatting specified below and
make sure to take into account object geometry.

Formatting of output: a list in which each element looks like: (<object/region>, <stage termination condition>). Don't output
anything else.

Output:

LN 1] L 11 L 11 L 11

[(“silver nut”, “grasp”), (“silver peg”, “place”), (“gold nut”, “grasp”), (“gold peg”, “place”)]
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Sequencing/Parsing Module:
Grounding Language Plans in the Scene

Target.: can Segmentation (SAM) [ OO, . — [nverse Kinematics

&lobal /\
d s A robot /W"-".f

.- 4
I I ‘/n.r('w.'

!

PC g’i’”’__ » Motion Planner (AIT¥)

|
-sw-___jw"”' g

» Projection

qjv nnt
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Learning Low-level Actions Module: Learning Local Control

2 = 1 2 1 1 1 1 1 E e E L =

* Learned RL policies for interaction : Learnlng‘ Module
* Trained with task reward
- Single RL model instead of separate per stage 0,

* Local instead of global observations 2 ,',_

a,
g | ————> 3

T Termination Condition
x <_ (e.g. grasp) ‘
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Learning Low-level Actions Module: Learning Local Control

* Learned RL policies for interaction

* Trained with task reward

 Single RL model instead of separate per stage
* Local instead of global observations
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Full Pipeline Example

Plan: LLM Task Planning
LLM

[ Silver .\ut] . [ Silver Peg ] , [ Gold Nut ] : [ Gold Peg }
1 3 4

Place - Grasp Place

Grasp
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Full Pipeline Example

Plan: LLM Task Planning
LLM

Silver Nut
Grasp

]1 — [ Silver Peg ]2_’ [Gold Nut ]3 —_— [(}old Peg ]4

Place Grasp Place

Seq: Pose Estimation + Motion Planning
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Full Pipeline Example

Plan: LLM Task Planning
{ LLM

Silver Nut
Grasp

] . [ Silver Peg ] ) Gold Nut ] . [ Gold Peg ]
1 2 3 4

Place Grasp Place

\ 7
-,IJ_ ~
o & s O LB S .
B & & ¥

Seq: Pose Estimation + Motion Planning Learn: Low-lev‘e,l control via RL
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Full Pipeline Example

Plan: LLM Task Planning
{ LLM

Silver Nut

Silver Peg Gold Nut Gold Peg ]
ey hy = | e |, =[],

Place Grasp Place

. ‘ Oa
m—}—:__-: Pt q
| . %
N
\
o & A N 8 e U
v S ]

Seq: Pose Estimation + Motion Planning Learn: Low-lev‘e,l control via RL
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PSL solves 25+ Iong-horizon robbtics tasks across four benchmark
environment suites with greater than 85% success rates




Task: put the mouse in the drawer and close it




Generalizes to Novel Object Geometries/Categories
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Manipulate novel objects with unseen receptacles
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Manipulate Deformable Objects (not observed in sim!)
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Summary

e VisualWebArena: a benchmark of realistic tasks designed to rigorously evaluate
and advance the capabilities of autonomous multimodal web agents

e [nference-time search algorithm designed to enhance the capabilities of language
model agents on realistic web tasks

e Data pipeline for large-scale generation and verification of synthetic web tasks,
powered by Llama models
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Summary

e VisualWebArena: a benchmark of realistic tasks designed to rigorously evaluate and
advance the capabilities of autonomous multimodal web agents

e Inference-time search algorithm designed to enhance the capabilities of language model
agents on realistic web tasks

e Data pipeline for large-scale generation and verification of synthetic web tasks, powered
by Llama models

e Al Safety and robustness, especially in the age of autonomous systems.
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Adversarial Attacks on Multimodal Agents

Chen Henry Wu, Jing Yu Koh, Ruslan Salakhutdinov, Daniel Fried, Aditi Raghunathan
Carnegie Mellon University
{chenwu?, jingyuk,rsalakhu,dfried, aditirag}@cs.cmu. edu

[HIS IS VERY IMPORTANT!IHI .

» - ‘ ' (A) Captioner attack

\” \ Add a comment "Looks great!” P
/ ¥ / P L fore oroviding the nest action ™

. P yetore providing the next action \\
. Captioner towards the original goal... P @

- R A\ type (“Looks great!™,
< \”_ & S . — > —> ype =

. 1d=53)
User’s goal: Add the planter with most plants to cart —7 Gemini



Even while we were recording demonstrations of computer use for
roday’s launch, we encountered some amusing errors. In one, Claude
accidentally clicked to stop a long running screen recording, causing all
footage to be lost. In another, Claude suddenly took a break from outr
coding demo and began to peruse photos of Yellowstone National Park.

We expect that computer use will rapidly improve to become faster,
more reliable, and more useful for the tasks our users want to complete.
[t’]l also become much easier to implement for those with less software-
development experience. At every stage, our researchers will be
working closely with our safety teams to ensure that Claude’s new
capabilities are accompanied by the appropriate safety measures.
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Thank you



