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Coding Agent

Leave it to Manus

Manus is a general Al agent that bridges minds and actions: it doesn't just think; it
delivers results. Manus excels at various tasks in work and life, getting everything
done while you rest.

By
Introduciﬁ&
Manus %

Y

¥ manusComprehensive Tesla Stock Analy... & &)

I'd like a thorough analysis of Tesla stock, including:

Summary: Company overview, key metrics, performance data
and investment recommendations

Financial Data: Revenue trends, profit margins, balance sheet
and cash flow analysis

Market Sentiment: Analyst ratings, sentiment indicators and
news impact

Technical Analysis: Price trends, technical indicators and
support/resistance levels

Compare Assets: Market share and financial metrics vs. key
competitors

Value Investor: Intrinsic value, growth potential and risk factors
Investment Thesis: SWOT analysis and recommendations for
different investor types

¥ manus

I'll help you create a comprehensive analysis of Tesla stock. I'll gather the
latest financial data, market sentiment, technical analysis, competitive
comparisons, and develop investment recommendations. This will take
some time to research thoroughly, but I'll work on it right away and provide
you with a detailed report.

# Connected to datasource(6) v

% Manus is replaying the task... Skip to results

Manus's Computer

Manus is using Editor

Creating file tesla_analysis/dashboard/style..

style.css

/% Global Styles */ Diff Original

iroot {
——primary-color: B#3498db;
—-secondary-color: B#2ecc71;
——accent-color: M#e74c3c;
—-neutral-color: M#34495¢;
—-light-color: O#ecfofl;
—-dark-color: HM#2c3e50;
——positive-color: B#27ae60@;
—-negative-color: M#c0392b;
—-neutral-status—color: E#f39c12;
--strength-color: E#27ae60@;
——weakness—color: B#e74c3c;
——opportunity-color: H#3498db;
—-threat-color: @E#f39c12;

Modified

}
* {
margin: @;
padding: @;
box-sizing: border-box;
font-family: 'Segoe UI', Tahoma, Geneva,
Verdana, sans-serif;
}
body {
4 Pl

@ Manus is working: Create interactive ...

0:00 Thinking

1n/12 -~



OpenHands

Code Less, Make More

Use Al to tackle the toil in your backlog. Our agents have all the same tools as a human ¢ Get started with the new Devin 2.0 experience 2
developer: they can modify code, run commands, browse the web, call APIs, and yes-even
copy code snippets from StackOverflow.

Get started with OpenHands.

'
eVIN
| laborati

# SLACK JOIN US @ DISCORD JOIN USs O PROJECT CREDITS
{ PAPER ON ARXIV & BENCHMARK SCORE

Alteammate

Building Apps -~ Merging PRs

v

‘ 5 - Built to help ambitious engineering
teams achieve more.

w {O) Checks amaiting confict resolution

© @ oocrer
© @ oo
@0

= Improving Codebases ) Writing Documentation




Web Agent

Introducing Operator

Go to Operator 7

Find and book me the highest
rated one-day tour of Rome on
Tripadvisor.

I'll search for the highest-rated tour of historic
Rome on TripAdvisor. Once | find a suitable
option, I'll provide you with the details. Let's
begin.

Worked for 2 minutes ~

Navigating to TripAdvisor website

Selecting "Things to Do" category

Searching for historic Rome tours

Closing pop-up, continuing tour search
Searching for Historic Rome tours

Exploring all historic Rome tour options
Closing Colosseum tab, resuming tour search

Closing tour pop-up, tab afterward

®a - xl®

A research preview of an agent that can use its own browser to perform tasks for you. Available to Pro users in the U.S.

b C % uipadviser comAtiractionProductiview-§187791-d) T2246 78 Rame.In A Dy incl Vatican Museums. Sistine, Chapel Colos

@ Tripadvisor @

Discover  Trips  Reviey

@ Rome Hotels ThingstoDo Restaurants Flights VocationRentals Cruises RentolCars  Forums N

Europe » oty » Laiio » Rome » Things 1 Doin Rome » Rome Tows

[sorsin]

Rome: Colosseum, Roman Forum and Palatine Hill
By.City Wonders

00000 520 eviews

Introducing computer use, a new
Claude 3.5 Sonnet, and Claude 3.5
Haiku

Oct 22,2024 + 5 minread




Web Agent Use Case: Process Automation
by

= Flow Builder

L‘!:n Flow Orchestration

Create QA Review

a Background Step &
Create QA Review Record -
n Interactive Step -
QA Manager Initial Review -

+ Add Step

® Red flag Check

E Decision

Red Flags Present No Red Flags

@ @

Red Flag Review Customer QA Survey




Web Agent Use Case: Auto-Testing

FEATURED ON

M@ Launch YC

171

Your Al Q
Engineer|

Spur lets you test your website
with Natural Language.

Book a Demo

N

Sign Up

Backed by

« Back to tests for: Application Portal (Email Invites)

© | Inviting Co-Founders

FAIL
PPIY.Y

Expected Result

Y > &

Successfully tested inviting co-founders

o= © Click on [Finish application) v
&

© Click on [+ Add a co-founder] -
r L\

© Type [test@yc.com) in the Emall field v

Click on [Send Invite] v

v

Verity that the text on the portal has changed to

® © [invite sent to test@yc.com)
© Click on [+ Add a co-founder] v
© Type [testi@yc.com] in the Email field v

Test Steps

\dd a

Click on [Finish application]

Click on [+ Add a co-founder]

Type [test@yc.com) in the Email field

Click on [Send Invite]

Verify that the text on the portal has changed to [Invite sent to test@yc corn]

Click on [+ Add a co-founder]

®

O Dpoo d
L+

YC Appicatuon

»
4
®
>

@ Edit Test

M



Sensors -

a

Why Agents Again?

|

?

|

Actuators

Percepls

Actions

JURAUUOIIAUY

“An agent is anything that can be viewed as
perceiving its environment through sensors and
acting upon that environment through actuators”

— Russel & Norvig, AI: A Modern Approach



From Language Model to Language Agent

Language
Model Input | > > Output

Opportunities of contemporary Al Agent with an integrated LLM:

* Environment Perception
* Generalist agent with language

* Reasoning for better acting



From Language Model to Language Agent

Language
Model Input | > | > Output

N

Action
Language | >
Agent { |

Perception




Web Agent

— L1

Perception

Web as playgrounds for agent research

* Open, Diverse, Complex Environment
» Highly Structured Environment
* Low Cost

« Lower Safety Concern



Cross-Task

Cross-Website

Cross-Domain

Generalist Web Agent

(a) Find one-way flights from New York to
Toronto.

gﬁ; UNITED

JEEnt—
Start earning miles
with MileagePlus®.

(Q) FINa a TIgNT Trom Lnicago 1o Lonaon on 2ZuU
April and return on 23 April.

Book a trip to
Cancun (CUN)

(g) Find Elon Musk's profile and start following,
start notifications and like the latest tweet.

1T x -
S 1P
‘B::;‘

You might like

@ DO O # B €

O e

What's happening

b) Book a roundtrip on July 1from Mumbai to
-ondon and vice versa on July 5 for two adults...

;}é UNITED

Explore themed
winter festivals or
the scenic views
from Cape Point.

o
€) Searcn Tor tne Interactions petween
buprofen and aspirin.

Drugs & Medications Resources
YOU'VE FOUGHT
ANKYLOSING
P S SPONDYLITIS
/ \ Q 0

(h) Browse cbmedy films treaming on Netflix
that was released from 1992 to 2007
E a

il e’
B==1  What Comedy Movies to watch on Netflix

, @), [ :

(c) Search receipt with the eTicket 12345678 for
the trip reserved by Jason Two

(T) AS @ Verizon user, Tnance a piue Irnone 13
with 256gb along with monthly apple care.
=wers [N

@MaorOeorgls  1Pcart

(i) Open page to schedule an appointment for
car knowledge test.

2lect a service type below.

13



- ———o aenare Wil bt

(a) Find one-way flights from New York to
Toronto.,

(d) Find Elon Musk's profile and follow, start
notifications and like the latest tweet.

Why a Challenging

W D T et ] -

(b) Book a roundtrip on July 1 from Mumbai to
London and vice versa on July 5 for two adults.

Mission?

(¢) Find a flight from Chicago to London on
20 Aprnil and return on 23 April.

(¢) Browse comedy films streaming on Netflix
that was released from 1992 to 2007.

DV

ot stmrormiv it UOW

() Open page to schedule an appointment for
car knowledge test.

User tasks: diverse, complex, requiring long-horizon planning
Real-world websites: complex, dynamic

Generalize to unseen websites/domains

14



Mind2Web: A Generalist Web Agent Benchmark

Travel (27.4%)

Airlines
5 .t\,("“)

Other

6.2%

General

3. 1%

Restaurant

4 3%

Shopping (17.5%)

Speciality

5.0%

Digital

20/
2,) /o0

Auto

3.4%

'Depar-
tment
1.6%

Fashion
General 1.6%

S /
5 30’0

Entertainment (16.1%)

Movie
- . 3.2%
Car Hotel Event Music || Sports =t
T Rental ot 2 Q0/ 2 20/ 3 59/
Ground | 8% 3 8% 3.5% 3.5% _
3.7% 2 4%, Game
2.0%
Avg. # Avg. #
Env. Type Elements Task Info. Actions
- Simplified
MiniWoB++ [22] — 100 mobile websites 28 100 Low-level 3.6
Simplified .
WebShop [40] 1 1 shopping websites 38 12,000 products High-level 11.3
Real-world .
RUSS [39] - 22 websites 201 80 High & low 5.4
PixelHelp [21] 4 4 Mobile apps o 187 High & low -
META-GUI [35] i} 11 Mobile apps 79 1,125 dialogues High-level 4.3
MOoTIF [5] 15 125 Mobile apps 188 756 High & Low 4.4
Real-world .
MIND2WEB I 137 websites 1,135 2,350 High-level 7.3

15



A task example in Mind2Web

Task Description: Webpage Snapshots:
Show me the reviews for the auto repair business closest to

T~ o

T S O A i

“:1(! l‘uillllii 3_ ".:!’qo Mllllt? :_ .l::_l. l:nmllt i
Action Sequence: e T = | Co— e | | cr— c— |
Target Element Operation S == e e e
: - e e
1. [searchbox] Find TIPE . ; _ u R E H
auto repair - - — '
<input name="find_text" <em>Auto Repair</em> <button>Search</button>
2. [button] Auto Repair CLICK type="search">
n n bausen
= T=m = = = T=m
4. [button] 10002 CLICK e oy e SO i ==
5. [button] Search CLICK 2= - L~ ool > damdrdd
6. [switch] Show BBB Accredited only CLICK — ° = T e o
o -~
7. [svg] CLICK —— —~ T i — :fv - == "
8. [button] Sort By CLICK e - .
9. [link] Fast Lane 24 Hour Auto Repair CLICK <button>Show BBB Accredited <span>Fast Lane 24 Hour Auto

<a href="1link:XXX">Read
10. [link] Read Reviews CLICK only</button> Repair</span> Reviews</a>




The first framework for building a generalist web agent

HTML Candidate

Top-k

I |

| I | 1] I
: Document : : Elements : ) : Elements : : Snippet :
. ! | ) |
I I I
| | S : T |
. ! : g —p —+» I
[ [
| | LA : ' I
: -rlb H - | I [
: = | oQ I e e e e = — e o e e - — — [
I : I : - l
: ¥ | -P[ Prediction LLM J
| I cee |
I________Jl _______ I | ¢ ¢
I ) I

Task Previous Target :

[ + -
[ Description Actions : Element Operation

Our Proposed MindAct



MindAct

e Environment Representation: Simplified HTML

[

<html> <form id=@> <div meta="navigation; sitelinks"» 1 Element: <select id=1 meta="Size; Select a Size">
<p>» <a» Collect Renaissance </fa> <a>» Shop Le Meridien : Action: SELECT
1

<fa> <a> Westin Store </a> <a> Sheraton Store </a> Value: Queen
<fp» «fdiv> .. «<div> <select id=1 meta="Size; Select a e e e e e e e e e T ———— +_ ________________________
Size"» <span meta=tablist> <button id=2 meta="button; - \
tab">» Description </button: .. <a id=3 meta="Shop ..
Feather & Down Pillow"> <img meta="Product Feather & P]‘edlctlon LLM
Down Pillow"> <p» <a» California Privacy Rights </a> L )
<ar Privacy Statement </a> <a> Terms of Use </a> <a _——,—,—,—,—,—Y—— + ________________________ ‘_ ——— —
id=4> Loyalty Terms </fa> .. | :
: Please select from the following choices (If the correct action is not in the page C. |
Based on the HTML webpage above, try to complete the following | | above, please select A. ‘None of the above): Action: SELECT |
task: I Value: Queen :
Task: Search for gueen-size pillow orotectors from the Mar 1A Mone of the above Fa
shop, and if found, add two s to the cart and « ' 1|B. <form id=0> <div meta="navigation; sitelinks"> <p> <a> Collect :
Previous actions: ! Renaissance </a> <a> Shop Le Meridien </a> <a> Waestin Store </a> <a> |
button] Spe Offers ICK : C. =select id=1 meta="Size:; Select a Size"> 1
1 new window 1 | 0. <button id=2 meta="button; tab"> Description </button> !
] \ - CLICK I|E. =<aid=3 meta="Shop Feather & Down Pillow"= <img meta="Product Feather :
span] Pillow Protector -> CLICK ! & Down Pillow"> <span=> Feather & Down Pillow </span> </a> I
What should be the next action? "1F. <aid=4> Loyalty Terms </a> . .
: Multichoice



Results of MindAct

Cross-Task Cross-Website Cross-Domain
Ele. Acc Op.F1 StepSR SR Ele. Acc Op.F1 StepSR SR Ele.Acc Op.F1 StepSR SR

Classification 26.8 — — — 21.6 — — — 24.5 — — —
Generation 20.2 52.0 175 0.0  13.9 44.7 110 0.0  14.2 44.7 119 04
MINDACT

w/ Flan-T5g 43.6 768 ( 41.0 4.0 ) 321 67.6 ( 295 1.7 ) 33.9 67.3 ( 316 1.6 )

w/ Flan-T5; 53.4 75.7 503 7.1 | 392 67.1 353 1.1 | 397 67.2 373 2.7

w/ Flan-T5x;  55.1 75.7 52.0 52 | 42.0 65.2 38.9 5.1 | 42.1 66.5 39.6 2.9

w/ GPT-3.5 20.3 56.6 174 08 | 19.3 48.8 162 06 | 21.6 52.8 186 1.0

w/ GPT-4* 41.6 60.6 \_ 36.2 20 /) 358 51.1  \_ 30.1 20 /) 37.1 46.5 \_ 26.4 2.0 )

Step SR: success rate at each step
SR: Success rate for the whole task
Offline evaluation setting

GPT-4 (3-shot) is close to fine-tuned Flan-T5 models



Results of MindAct

Cross-Task Cross-Website Cross-Domain
Ele. Acc Op.F1 StepSR SR Ele. Acc Op.F1 StepSR SR Ele.Acc Op.F1 StepSR SR

Classification 26.8 — — — 21.6 — — — 24.5 — — —
Generation 20.2 52.0 175 0.0  13.9 44.7 110 0.0  14.2 44.7 119 04
MINDACT

w/ Flan-T5g 43.6 768 ( 41.0 4.0 ) 321 67.6 ( 295 1.7 ) 33.9 67.3 ( 316 1.6 )

w/ Flan-T5; 53.4 75.7 503 7.1 | 392 67.1 353 1.1 | 397 67.2 373 2.7

w/ Flan-T5x;  55.1 75.7 52.0 52 | 42.0 65.2 38.9 5.1 | 42.1 66.5 39.6 2.9

w/ GPT-3.5 20.3 56.6 174 08 | 19.3 48.8 162 06 | 21.6 52.8 186 1.0

w/ GPT-4* 41.6 60.6 \_ 36.2 20 /) 358 51.1  \_ 30.1 20 /) 37.1 46.5 \_ 26.4 2.0 )

Step SR: success rate at each step
SR: Success rate for the whole task
Offline evaluation setting

GPT-4 (3-shot) is close to fine-tuned Flan-T5 models, but
all models are terrible (2-7% whole task success rate)!



Around six months later ...

Model Cross-Task Cross-Website Cross-Domain
Ele. Acc Op. Fl1 Step SR Ele. Acc Op. F1 Step SR Ele. Acc Op. F1 Step SR

Supervised Fine-Tuning

FLAN-T5-XL 57.1 757 53.5 43.8 677 41.1 41.4 659 38.9

BLIP-2-T5-XL 501 77.0 470 394 69.3 370 412  69.3 389
In-Context Learning

GPT-3.5* 194 59.2 168 149 565 141 252  57.9  24.1

GPT-4* 408 631 323 302 610 270 354 619 297

COGAGENT 224 530 176 184 422 134 206 420 155

97 656 8.1 91 608 75 109 639 85 5~700 gain
? 215 677 196 171 613 154 207 643  18.0
. 46.4 73.4 40.2 38.0 67.8 324 424 69.3 36.8

66.4 79.2 61.9 69.5 78.9 65.0 72.8 73.6 62.1




Around six months later ...

Model

Cross-Task

Cross-Website

Cross-Domain

Ele. Acc Op. Fl1 Step SR Ele. Acc Op. F1 Step SR Ele. Acc Op. F1 Step SR

Supervised Fine-Tuning

FLAN-T5-XL 57.1 5.7 53.5 43.8 67.7 41.1 41.4 65.9 38.9
BLIP-2-T5-XL 50.1 77.0 47.0 39.4 69.3 37.0 41.2 69.3 38.9
In-Context Learning
GPT-3.5% 19.4 09.2 16.8 14.9 56.5 14.1 25.2 57.9 24.1
S e 408 631 323 302 610 270 354 619  29.7
_ _COGAGENT = 224 530 176 184 422 134 206 420 155
9.7 65.6 8.1 9.1 60.8 7.5 10.9 63.9 8.5
? 21.5 67.7 19.6 17.1 61.3 15.4 20.7 64.3 18.0
° 46.4 73.4 40.2 38.0 67.8 32.4 42.4 69.3 36.8
66.4 79.2 61.9 69.5 78.9 65.0 T2.8 73.6 62.1
Offliney Offline; Online
FLAN-T5-XL 4.4 24.4 8.9
GPT-4 1.1 12.2 13.3
? 3.3 12.2 37.8
Whole task success rate y 13.3 27.8 51.1




So, what did we do?

Model

Cross-Task

Cross-Website

Cross-Domain

Ele. Acc Op. Fl1 Step SR Ele. Acc Op. F1 Step SR Ele. Acc Op. F1 Step SR

Supervised Fine-Tuning

FLAN-T5-XL 7.1 7.7 3.5 43.8 67.7 41.1 41.4 65.9 38.9
BLIP-2-T5-XL 501 77.0 470 394 69.3 37.0 412 69.3 389
In-Context Learning
GPT-3.5% 19.4 n9.2 16.8 14.9 h6.5 14.1 25.2 7.9 24.1
C_GPTA* 408 631 323 302 610 270 34 619  29.7
__COGAGENT = 224 530 176 184 422 134 206 420 155
9.7 656 8.1 9.1 608 7.5 109 639 85
? 21.5 67.7 19.6 17.1 61.3 15.4 20.7 64.3 18.0
° 46.4 73.4 40.2 38.0 67.8 32.4 42.4 69.3 36.8
66.4 79.2 61.9 69.5 78.9 65.0 T2.8 73.6 62.1
Offliney Offline; Online
FLAN-T5-XL 4.4 24 .4 8.9
GPT-4 1.1 12.2 13.3
? 3.3 12.2 37.8
Whole task success rate . 13.3 27.8 51.1




Outline

e Environment Perception



HTML|-> Simplified HTML -> Image

100K
Tokens




HTML ->

Simplified HTML

-> |mage




HTML -> Simplified HTML -> |mage

WiBudgel

Truck Rental

NOW

CARGO. — ATRUCK LOAD OF SAVINGS -

Al VANS!

Select Pick-up Date X

y -

o

2 3 4 5 6 é

5 6 7 8 7 8 9 10 1 12 13 ‘ &

B

9 10 11 12 13 14 15 14 15 16 17 18 19 20 3

16 17 18 19 20 21 22 21 22 23 24 25 26 21 ,pu | 2 -
23 24 25 26 27 28 29 28 29 30 31 (I o= Duds \

30

Jump 1o a new date

Truck rental that fits your budget

Member

Benefits &2 HIRE A HELPER

B
wam A

Save up to 209 Dont ift a thing. Get loading help. In need of a smaller moving truck?
Budget.com offers pick-up trucks



Image: A picture is worth thousands of words

PZBudget’

Truck Rental

(‘:‘; 5 — ATRUCK LOAD OF SAVINGS -

0/ BASE

207 &
= 'OFF

e s & ill% § % 5 ie & c‘ P Budget

. |

 Site feedback

9 10 11 12 13 14 15 14 15 16 17 18 19 2
16 17 18 19 20 21 22 21 22 23 24 B 26 27 spum !

23 24 25 26 21 28 29 22 29 30 3 7 4 _ ; \

30

Jurrp 10 & new date

Truck rental that fits your budget

Member A
Benefits HIRE A HELPER

0 20 Don't lift a thng. Get loading help In need of a smaller moving truck?

Budget.com offers pick-up trucks




SeeAct Paradigm

Action Generation -> Action Grounding

Rent a truck near zip 08817 on December 10 at 11:30AM returned to the exact location and date.

LMM Grounding

Move the cursor over Element: <input id=19 button find your truck />
the "Find Your Truck" Operation: CLICK

button located in the
central portion of the

webpage, just below the
input fields for rental
details, and perform a
click action.

SeeAct =a

= ATRUCK LOAD OF SAVINGS -

20%

ol =9 e

= v o e o wEm wEw wmm ww wew ww wms wem wew ww wew




SeeAct Paradigm

Action Generation -> Action Grounding

Rent a truck near zip 08817 on December 10 at 11:30AM returned to the exact location and date.

LMM Grounding

Move the cursor over Element: <input id=19 button find your truck />
the "Find Your Truck" Operation: CLICK
button located in the

central portion of the

webpage, just below the
input fields for rental
details, and perform a
click action.

SeeAct =a

= ATRUCK LOAD OF SAVINGS -

20%

ol =9 e




SeeAct Paradigm

Action Generation -> Action Grounding

Action Description = Element Attributes
w .
Move the cursor over the 20‘" RATES | TEXT: Find Your Truck
"Find Your Truck" button ' ' TYPE: BUTTON
located in the central portion
of the webpage, just below the | m=m ™ mmpsw
input fields for rental details, o frens E
2 d f l. k t- s T T e
and perform a click action — -
sk vour wica? Image Annotation
o _ J _—
A: <text id=0>Moving Trucks & Accessories</text> CHOICE: G
B: <div id=1>Where do you want to pick up your
truck?</div>
C: <div id=5>When do you want to pick up your
truck?</div>
--------- Textual Choices
F: <input id=18>No value=true</input> > N
G: <input id=19 button “find your truck ” /> CHOICE: G
H: None _J




SeeAct Paradigm

Action Generation -> Action Grounding

Action Description = Element Attributes
w 4 .
Move the cursor over the 2““‘ RATES | ~  TEXT: Find Your Truck
"Find Your Truck" button ' ' TYPE: BUTTON
located in the central portion
of the webpage, just below the | m=m ™ mmpsw
input fields for rental details, o frens E
2 d f l. k t- s T T e
and perform a click action . -~
sk vour wica? Image Annotation
| o | ) B —
A: <text id=0>Moving Trucks & Accessories</text> CHOICE: G
B: <div id=1>Where do you want to pick up your
truck?</div>
C: <div id=5>When do you want to pick up your
truck?</div>
--------- Textual Choices
F: <input id=18>No value=true</input> >
G: <input id=19 button “find your truck ” /> CHOICE: G
H: None _




SeeAct Paradigm

Action Generation -> Action Grounding

Action Description = Element Attributes
BASE s
Move the cursor over the 2““‘ S ©  TEXT: Find Your Truck
| - TYPE: BUTTON

"Find Your Truck" button

located in the central portion

of the webpage, just below the | m=m ™ mmpsw

input fields for rental details, o frens E

2 d f l. k t- s T T e

and perform a click action ————e—— -

Image Annotation

A: <text id=0>Moving Trucks & Accessories</text> CHOICE: G
B: <div id=1>Where do you want to pick up your
truck?</div>
C: <div id=5>When do you want to pick up your
truck?</div>
--------- Textual Choices
F: <input id=18>No value=true</input> > N
G: <input id=19 button “find your truck ” /> CHOICE: G
H: None _J




Grounding Strategies

Oracle: Ask humans to identify model's intended actions from Action Description

Large Margin between Oracle and SOTA Grounding method so far

Success Rate with Different Grounding

70

60

50

Visual
Grounding

40

30
2
. | lI
0

Cross-Task Cross-Website Cross-Domain

o

o

mAttribute mAnnotaton mC

Single Step Success Rate on Mind2Web



Human-like Vision-centric Embodiment is the Future for
Web/GUI Agents

Most comprehensive evaluation of GUI Agents to date

o SeeAct-V + UGround outperforms prior SOTA despite its minimalist design
UGround
Web DESktOp &ScreenSpot-Desktop Prior SOTA
Fmd the trade-in value for PS4 Turn on Wi-Fi Install the Townsh|p appllcat!on &Screemsvpsc.):web T i

71.6

¥ AndroidWorld
2024 Topps Star Wars Chrome Trading Cards é‘?m’ 23.1 511 30. 31 0

T X . g 4 _. ( E a
Avaloble 814 . . r . YMind2Web-Live
- s oy e N A »

' /&;f:
1N 4

44 8 58.0

& Multimodal-Mind2Web & AndroidControl-Low
e 8

- o » 32.8 46.2

AOmniAct aAndroidControl-High

Figure 1: Examples of agent tasks across platforms and performance on GUI grounding (&:
ScreenSpot), offline agent (#: Multimodal-Mind2Web, AndroidControl, and OmniAct), and online
agent benchmarks (¥: Mind2Web-Live and AndroidWorld) when using GPT-4 as the planner.



o000 @ Apple X v
geminigby@MacbookAirl5 online_demo % ./venv/bin/python demo_text_choice.py

y o= 7 1 i : Website: https://apple.com
S & (‘ SPRieSom © ﬁ) £ 0 o Incognito gt Task: Compare iPhone 15 Pro Max with iPhone 13 Pro Max

iPhone 15 Pro

Titanium. So strong. So light. So Pro.

1 -

iPhone 15

New camera. New design. Newphoria.

Learn more > Buy >

Online evaluation tool that allows SeeAct to interact with live websites




Online Evaluation

Offliney Offline; Online

FLAN-T5-XLL 4.4 24.4 8.9
GPT-4 1.1 12.2 13.3
SEEACT Choice 3.3 12.2 37.8

C_SEEACTOracle  13.3 27.8  51.1 O

Whole task success rate (%)



SeeAct Codebase

An interface between Agent and Website

* Perception
» Action Execution

import asyncio

import os
from seeact.agent import SeeActAgent

# Setup your API Key here, or pass through environment
os.environ["OPENAI_API_KEY"] = "Your API KEY Here"

async def run_agent():
agent = SeeActAgent(model="gpt-4-turbo")
await agent.start()

while not agent.complete_flag:

prediction_dict = await agent.predict()

await agent.execute(prediction_dict)
await agent.stop()

if __name__ == "__main__":
asyncio.run(run_agent())

. o+

O SeeAct

654 ) Mind2Web

726
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WeDbOlympus: An Ecosystem for Web Agent

- e e e e e e e e e e e e e e e e e e e e e e e

An eCOsyStem fOI' Web agent ,” Execution "4
i Websites
; Agent System '
| | i fanh !
v © Lo ] « = ™ G"D :
# w08 &2 : Language :
(O Gy o Ve ritning Ruing s ownage b g, Covein O o et ] BB 5 Sooks onb Aot e Chrome ’ X : L Agent (=] Observation :
AccuWeather Agent Task Specification e ke : ’ < '
. R 1 !
1 ( A 1
& i & e ' . '
s | Grounding O Web UI :
} L — _ .
Soard A Y = 4 dow ey l r — ‘ - - - .
— 1
O - | Monitor [ =
7 Pending Action |. L i Y — S ’n
Monitor Mode Usages
Frochack $ Agere e e N A y
- - . Demo  Evaluation Annotation Crawler Synthesis
ey 0 : N 0 = ooe :
BB S B =y % L ;

(Zheng et al.,, EMNLP 2024) WebOlympus: An Open Platform for Web Agents on Live Websites



Outline




Planning Paradigms for Language Agents

(a) reactive

&

3
l

=
e
=x
-
[0 o]
s =
R
&N
| 4

@ fast, easy to implement

greedy, short-sighted



Planning Paradigms for Language Agents

(b) tree search with real interactions

(a) reactive
sxx—

@ fast, easy to implement @ systematic exploration
@ greedy, short-sighted @ irreversible actions,
’ unsafe, slow
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Planning Paradigms for Language Agents

GPT-40 Agent + Search

[ = T |5 i == ¥
= s E - I 1 v=04

Starting State »

e ]- 1‘ = S

v =045 = 0.5 " 0.55 - NE 0.3
_________ - r
e A~ ‘1 ~

2 e = - N\

MRS | : J 0.55 4 0.68 3 v N202
. o - -

—
—
-
_—___—
P

il ' \ 4
: =% | mEmE Success

 State-Changing Action



State-Changing Actions

T | AVIS
Demo Drive Model 3
sl g s L b i 4 o Ot ADDRESS & PHONE NUMBER
fe— Save up to 2 addresses and 2 phone numbers.
Find Location and Time
Dip Code: BS070 SAFE Primary Address
bt Lotation Country
Caleory - 500 Automall Dr o eands San ko l\.: f':":.'j Now :.I U S |l|,
S bura Plow L
B “ Address Line 1
ZB1 W Lane Ave, Columbus
Masgurint 4, 2024 a8 W00 AM i Address Line 2 (optional)
Contact Information
Zipcode City
Firvt Mama Last Hame
& e Buchem 43210 COLUMBLIS
Ima dress Phene Membsr
ateven sheng(1iegmail com LS #1 v (443) 480- 8058

. Liprs ks o Pradegars

1 Irt t LW al
wee our Privacy Policy and Terms of Use)

AVIS PREFERRED WELCOME, BOYUAN IEI

State/Prowinge

OH

LOW

Jour Frivacy Uhoices

Accept All Cookies
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Planning Paradigms for Language Agents

GPT-40 Agent + Search

Starting State

‘f
:.:nu;‘ " \
v =0.45 - 0.5 =l 0.55 s - 0.3
e ,4—-‘1""’
== o T - = \
v=045 = J 0.55 - 0.68 = ¥ uy NS
OF 0
v=05.[ = ¥ o Success

 State-Changing Action

* Tracing Back?
 Limited Efficiency
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Planning Paradigms for Language Agents

(a) reactive (b) tree search with real interactions

3
Il

@ systematic exploration

@ greedy, short-sighted @ irreversible actions,

unsafe, slow

(c) model-based planning

faster, safer,
systematic exploration

@ how to get a world model
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World Model

A model capable of predicting environment transition:

T:SXA - S

If | do this (a_t) on (s_t), what would happen next (s t+1)?



LLM can predict state transitions(reasonably good)

One Stop Market =
Beauty & Personal I Care Sports & Outdoors Clothing, Shoes & Jewelry Home & Kitchen Office Products Tools & Home Improvement
Uniforms, Work & Safety
e e e e e e e e e e e e e e e e e e
Shop By Items 1-12 of 416 SortBy  Position v| * 1
shopping Option: 1 . . .
’ 1 The page will navigate to a detailed product page for the "Mens
4 " % I
% ' i Flowers Casual Aloha Hawaiian Shirt Summer Short Sleeve
1
' o | Beach T-Shirt Regular Fit Button Down Dress Shirts." This new
\ ’ < . . . 03 . . .
i / ! page will likely contain additional information about the
y 1 . N N . e .
= 1, i product  including more detailed specifications, ~customer

list Workwear Professionals Men Men's Slim Fit Pinstripe Chef Pant XINFU Chef's Japane:
Scrubs Pant Tapered Leg Drawstring ~ (5-3X)
Cargo WW190, XS Short, Hunter

I reviews, larger images, sizing options, and possibly a larger
! "Add to Cart" button. Other elements from the current category

$31.98

m i view like the grid of products will be replaced with the detailed
i view of this specific product.
1

TRUEWERK Mer

Workwear

L 8 & &

$99.00

[ rssroce |
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WebDreamer: model-based planning for web agents

Please navigate to the 'Data Storage' category and purchase
the least expensive disk with 512GB of storage.

One Stop Market @ Type ’DiSk“\=

Sesiny & PersonaiCar - Sports & Outdoors - Clthg, Shoss R jewekry -~/ Homme R tchen =[] Office Prococzs | Tools & Home Improvement
Wealth & Household - Patio,Lown & Garden - | Electronicsl]  Coll Phones & Accessoies ~ Video oy & G Food

@ Click “Office Products’

Welcome to One Stop Market Creat

One Stop Market ® click

‘Electronics’

SErne =

¢ I

\ S Cocow

retukad GlgerbresdHousa K V3 oEnagy Heskhy Enegy o Elwood lonFnaTess Oange. Bl OfTh Bll rocess Skl S Delious Dy FreeCoxcitp
Pock 17 02, Pockol 3 Tol Sy gy fromBocknd. | Voels Calna s ok oton, Mo Weocng ColortASpries] L Vegan Non GO rjet

Green Tea, Pomegranate 16-Ounce Pouch Cake Cupcake Cookle Sprinkles|  Verlfied, 90
Blueberry, 8 Ounce Can Pack of 24 Ice cream Candy Sprinkles| Yellow

* Fkhkk < Revew b Royal *ok ke ke
*hk s Flowers Decorating Sprnkles

iR S lowers Decorating Sprinkles, 802 o o
$1447 *kk 2 Revew

—— e—

NIN PACK
TWIH %

o
oy

Cheongeun Sweet Potato Starch  Q Mixers Premium Ginger Ale: Real  Stove Top Turkey Suffiig Mix(12  Briess DME - Pisen Ught -11bBag Tony Chachere's More Spice Creole
Powder 500, 2ealsweet Potato 15 &Less Sweet, 67F10z oz Boxes, Pack of 2) e Seasoning - 146
55%, Corn 45%) .

ek ek g 12 Reve Kok Kk

= ik [lmiwot]
) e
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WebDreamer: model-based planning for web agents

Stage I: Simulation

Please navigate to the 'Data Storage' category and purchase - @ !

. Nz f 3 f .
the least expensive disk with 512GB of storage. o_’R i The 'Office Products' category will i
| display three sub-categories: 'Office g
o Al Electronics', 'Office & School Supplies', |
* i and 'Office Furniture & Lighting'. !
{
[

MyAccount MyWishList Signin  Welcome to One Stop Market Create an Accour P !
. & ]

Type ‘Disk’ 1

One Stop Market @ TP E k .. 4

T e T e (e eyt e s :
s 2

() Click “Office Products u

=

n

‘Electronics’

One Stop Market @ click

Product Show

Pre-baked Gingerbread House Kit Elmwood Inr Belle Of The Ball Princess Sprinkle S0 Delicious Dalry Free CocoWhip
Value Pack, 17 oz., Pack of 2, Total Vanila Caff Mix| Wedding Colorful Sprinkles|  Light, Vegan, Non-GMO Project
£ Cake Cupcake Cookie Sprinkles|  Verified, 9 oz. Tub

Blueberry, 8 Ounce Can Pack of 24 Ice cream Candy Sprinkles| Yellow

* " P i Feddkk 4 Reden Gold Red Royal Red Rose king *khk
oo Flowers Decorating Sprinkles, 80
siss s lowers Decorating Sprinkies, 802 ¢\ o
s1447 *hk

[EEE] awcer I3 a0 [EEE

A
ey
A

Cheongeun Sweet PotatoStarch @ Mixers Premium Ginger Ale:Real  Stove Top Turkey Stuffing Mix (12 Briess DME - Pilsen Light - 11b8ag  Tony Chachere's More Spice Creole
Powder 5005, Zea(SweetPotato  Ingredients & Less Sweet, 6.7 10z oz Boxes, Pack of 2) s Seasoning - 14 0z
55%, Corn 45%) (24 Bottles) )

*okkky - *hkk

[aaci] =
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WebDreamer: model-based planning for web agents

Stage I Simulation

Please navigate to the 'Data Storage' category and purchase !
the least expensive disk with 512GB of storage. (' X R nThe 'Office Products' category will | ciickorrice ! | The webpage will display 'Office
Idlsplay three sub-categories: 'Office | Electronics’ | Electronics' ~ sub-category  results
| Electronics', 'Office & School Supplies’, * * = = = = with products, and the "sub-menu
& ; and 'Office Furniture & Lighting'. : 1 will show 'Printers&Accessories' and
‘ i other categories.
L 1

ignin  Welcome to One Stop Market Create an r's

’ 1
” i
One Stop Market @ Aype AT \: .. :

Beauty & Personal Care ~ Sports & Outdoors ~  Clothing Shoes & Jewelry e »

aant € ookt = | roc Lo & aronn ' [TBRETRRET]) (o honas s nccemoin = weko sl = uciey Soimma Foud N
=
n

@Click ‘Office Products’

“Electronics’

One Stop Market @ click

Product Show

e -
Sraw 2

(X oo

Pre-baked Gingerbread House Kit V8 +Energy, Healthy Energy Drink,  Elmwood Inn Fine Teas, Orange  Belle Of The Ball Princess Sprinkle 5o Delicious Dalry Free Cocowhip
Value Pack, 17 oz, Pack of 2, Total  Steady Energy from Black and Vanilla Caffeine-free Fruit Infusion,  Mix| Wedding Colorful Sprinki
7 Green Tea, Pomegranate 16:0unce Pouch Cake Cupcake Cookie Spy
Blueberry, 8 Ounce Can Pack of 24 ice cream Candy Sprinkles | Yellow
* e *hkkk Gold Red Royal Red Rose lting
4 kK e sibie Flowers Decorating Sprinkles, 80 ¢ e
s14.47 *kok

= i =3 s [EEEEA

.
E

@

Cheongeun Sweet PotatoStarch @ Mixers Premium Ginger Ale: Real  Stove Top Turkey Stuffing Mix (12 Briess DME - Pisen Light - 110 Bag  Tony Chacheres More Spice Creole
Powder 500g, 2ea(Sweet Potato Ingredients & Less Sweet. 6.7F10z oz Boxes, Pack of 2) PER Seasoning - 14 0z
55%, Comn 45%) (24 Bottles)

kK g 12 Revew *xkk

EE=3 i
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WebDreamer: model-based planning for web agents

Stage I Simulation

Please navigate to the 'Data Storage' category and purchase !
the least expensive disk with 512GB of storage. (' X R nThe 'Office Products' category will | ciickorrice ! | The webpage will display 'Office
Idlsplay three sub-categories: 'Office | Electronics’ | Electronics' ~ sub-category  results
| Electronics', 'Office & School Supplies’, * * = = = = with products, and the "sub-menu
& ; and 'Office Furniture & Lighting'. : 1 will show 'Printers&Accessories' and
‘ i other categories.
L 1

ignin  Welcome to One Stop Market Create an r's

’ 1
” i
One Stop Market @ Aype AT \: .. :

Beauty & Personal Care ~ Sports & Outdoors ~  Clothing Shoes & Jewelry e »

aant € ookt = | roc Lo & aronn ' [TBRETRRET]) (o honas s nccemoin = weko sl = uciey Soimma Foud N
=
n

@Click ‘Office Products’

“Electronics’

One Stop Market @ click

Product Show

e -
Sraw 2

(X oo

Pre-baked Gingerbread House Kit V8 +Energy, Healthy Energy Drink,  Elmwood Inn Fine Teas, Orange  Belle Of The Ball Princess Sprinkle 5o Delicious Dalry Free Cocowhip
Value Pack, 17 oz, Pack of 2, Total  Steady Energy from Black and Vanilla Caffeine-free Fruit Infusion,  Mix| Wedding Colorful Sprinki
7 Green Tea, Pomegranate 16:0unce Pouch Cake Cupcake Cookie Spy
Blueberry, 8 Ounce Can Pack of 24 ice cream Candy Sprinkles | Yellow
* e *hkkk Gold Red Royal Red Rose lting
4 kK e sibie Flowers Decorating Sprinkles, 80 ¢ e
s14.47 *kok

= i =3 s [EEEEA

.
E

@

Cheongeun Sweet PotatoStarch @ Mixers Premium Ginger Ale: Real  Stove Top Turkey Stuffing Mix (12 Briess DME - Pisen Light - 110 Bag  Tony Chacheres More Spice Creole
Powder 500g, 2ea(Sweet Potato Ingredients & Less Sweet. 6.7F10z oz Boxes, Pack of 2) PER Seasoning - 14 0z
55%, Comn 45%) (24 Bottles)

kK g 12 Revew *xkk

EE=3 i
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WebDreamer: model-based planning for web agents

Please navigate to the 'Data Storage' category and purchase
the least expensive disk with 512GB of storage.

Ust Signin  Welcome to One Stop Market Create an Account

O e ) e

e e o il oy o Forran] | o v
ok s st = o omm s artan - [ SREES] ot o S Accemaris = vies i~ eivay & sosretrond

(D Click ‘Office Products’

One Stop Market

‘Electronics’

One Stop Market @ click

-

(X oo

W

Pre-baked Gingerbread House Kit V8 +€nergy, Healthy Energy Drink,  Eimwood Inn Fine Teas, Orange  Belle Of The BallPrincess Sprinkle  So Delcious Dairy Free Cocowhip
Value Pack, 17 oz, Pack of 2, Total ~ Stes gy ck Vanilla Caffeine-free FruitInfusion,  Mix| Wedding Colorful Sprinkies|  Light, Vegan, Non-GMO Project
Mo Green Tea, Pomeg 16-0unce Pouch Cake Cupcake Cookle Sprinkles|  Verified, 9 oz. Tub

Blueberry, 8 Ounce Can 4 Ice cream Candy Sprinkies| Yellow
* KAk 4 fovew Gold Red Royal Red Rose Icing KAk sk 12 Rovien
- *hk Revew S0k Flowers Decorating Sprinkles, 802 ¢ (o

s1447 *hk

[paiic) e EIXER ¢ s (EEE

Cheongeun Sweet Potato Starch  Q Mixers Premium Ginger Ale: Real  Stove Top Turkey Stuffing Mix (12 Briess DME - Pisen Light - 118ag  Tony Chachere's More Spice Creole
Powder 500g, 2ea(Sweet Potato  ingredients & Less Sweet, 6.7 FIOz oz Boxes, Pack of 2) i Seasoning - 14 0z
55%, Com 45%) (24 Bottles)

FdkKk g 12 Ao *k kK

$34.00 sk deok 12 Revew:
wo o
T3 =

Stage I: Simulation

.
] 1
o-: /R i The 'Office Products' category will
1 display three sub-categories: 'Office
*

g | and 'Office Furniture & Lighting'.
S i
o :
U
L
L
N 2 ]

- 1
9 ’ R E The 'Electronics' category will display
! three sub-categories: 'Computers &
| Accessories', 'Accessories & Supplies',

2 and 'Car & Vehicle Electronics'.

v

an
et
“

ch

“

]
iThe webpage will display search
P i results, including a list of products,

*
*

IIIIII>

1
Click "Office iThe webpage will display 'Office
Electronics’ 1 Electronics'  sub-category  results

¢ W7 Electronics', 'Office & School Supplies',* = ® = = '»: with products, and the sub-menu

! will show 'Printers&Accessories' and

| other categories.

The webpage will display 'Computer
! Accessories' sub-category  results,

1
1
Click "Computer i
1
iincluding 'Data Storage', 'Tablet
i
1
1
1
1

& Accessories’

Accessories', and others.

i
| The 'Electronics' category will display

Click ‘Electronics’ §

i three sub-categories: 'Computers &

. A E EEEER
’: each of which includes the product 1 Accessories', 'Accessories & Supplies',

ititle, price, and an 'Add to Cart
! button.

| and 'Car & Vehicle Electronics'.

1
1 1
1} L
Stage II: Execution

Electronics
Shop By O lems1-120f14539 SortBy  Position vt
Shopping Options.
category

N2

GPS,
: Headset 30 Glasses

52499

6

Navitech Black Hard Carry 2051H265+ Po Home Security  Indoor Pet Camera, HD 1080 No Rockville CH1035P Chuchero Car
Bag/Case/Cover with Shoulder Strap  Camera System Outdoor Indoor.8:  WIFi Security Camerawith Night  Audio Enclosure For (2) 10° Mids +
Compatibie with The VR/Virtual Channel SMP PoE NVR Vision-No Builtin Baterry @3 Tweeter

Reality 30 headsets Including The  Recorder,dpcs Wired 2MP 1080p

Crypto VR 150 Virtual Reality Surveillance Bullet PoE IP Cameras, $28.99 sass

No Hard Drive (Renewed)
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Results on VisualWebArena

Model-based planning is more accurate than reactive planning and more efficient than tree search

w w
o (93]

N
wu
T

Percentage

=
o

(%)

N
o

=
(%)
T

Success Rate (%) T

23.6

17.7

26.4

Reactive

Modellbased Tree Slearch

Number of Steps

161

14}

121

10}

# of Action Steps |

4.3

11.6

4.6

Reactive

Modellbased Tree Slearch

Time (seconds)

800t

(o))
o
o

N
o
o

2007

Wall Clock Time (s) {

80

I

836

199

Reactive

Modellbased Tree Slea rch
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Outline

e Self-Improvement



What's next step?

Where have we arrived at?



Perception

Perception:
HTML/DOM: MindAct

Screenshot: SeeAct, WebGUM, CogAgent

Actuators

JUDUWIUOIIA U]

§
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Action

Action:
Weak Grounding: SOM, SeeAct

Pixel-Level: UGround, SeeClick, efc.

UGround
& ScreenSpot-Desktop Prior SOTA

&ScreenSpot-Web /3.0 &ScreenSpot-Mobile

¥YMind2Web-Live 23.1 \ 31’09Andr01dWorId
44.8 58.0
& Multimodal-Mind2Web & AndroidControl-Low
32.8 46.2

40OmniAct & AndroidControl-High

/;gent

-

Sensors -

—\\

Percepis

Actions

:

JULLIUOITAUY

Actuators
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Planning

Search over the environment: Search-Agent

GPT-40 Agent + Search

i hY
E = v=05 é - | = ) SR
8 ”
>

Starting State

B
-r

SRR P o

= . | ey Success

Plannlng with World Model: WebDreamer

(b) tree search with real interactions (c) model-based planning

(a) reactive

ﬁ

.....
" L

™
[ =] o e [ ]
- =

l
X}
v,
<
A

X

Performance standard

feedback

Learning
element

learning
goals

Problem
generator

changes

knowledge

-a+——— Sensors

Performance
element

Actuators

JUSWUOIIAUH




What's next step?

Agent has reached a decent performance of 30~50%.

How reach closer to 100% to be actually useful and robust?

What current agents are capable of?



Task Proposal

/- OpenStreetMap 1.

L |

Search
o
Welcome to .
Ogdensburg
OpenStreetMap!
OpenStreetMap is a map of the world,
created by people like you and free to use Wateltonm
under an open license.
Lake Ontario
Hosting is supported by UCL, Fastly,
Bytemark Hosting, and other partners.
rt R:.':.|!!_'=LU' Utica
Syracuse :
atavia Canandaigua
Dunkirk ]lh.r'.it-_'l
i Horseheads
Lake Erie Ere Jamestown Qlean e )
Binghamton
Meadville
Scranton
Williamsport
Wilkes-
Mew|Castle Barre
Hazleton
patealsne Allentown
Altoona
Pit:s?urgh

50 km
50 mi Harriz.aurg

Reading

The skill
s, making it the most benefic

*%G6et Directions Between Two Polnts:**
ness: 5 (Finding directions is a freguent task for uvsers of a map serv
ps: Click on 'Find dire
r destination, click
- Total Rating: 9

Total: 4 actions.

'Go'.

**Export Map Data:*=*
- Usefulness: 4 (Exporting map ds
. on "Export' link,

Total Rating: 7
Location:#=*

- Usefulness: 5 (Common and frequent usage of map services.)
Enter text into texthox, click Total:

*%*Search for

'Search’ 'Go'. 2 actions.

Rating: 7

*xShow My Location:#x

- Usefulness: 4

(Useful for quickly finding your current location on the map.)

Click 'Show My Location®' button. To 1 action.

1 Rating: 5
'6et Directions Be has the highest

al skill to propose for this task.

tions between two points' link, enter starting point,

en




Execution

Task Description:

Show me the reviews for the auto repair business closest to

10002.

Action Sequence:

Target Element Operation

1. [searchbox] Find :tvl:::repair
2. [button] Auto Repair CLICK

3. [textbox] Near IYOZSZ

4. [button] 10002 CLICK

5. [button] Search CLICK

6. [switch] Show BBB Accredited only CLICK

7. [svg] CLICK

8. [button] Sort By CLICK

9. [link] Fast Lane 24 Hour Auto Repair CLICK

10. [link] Read Reviews CLICK

Webpage Snapshots:

mkw
-

A
BETTER BUSINESS i
— “a

<input name="find_text"

type="search">

"..‘ - . .
l.. w o B - -
Ao Repair

-~ e "

« o
- (. Ss=ae

—
=

<button>Show BBB Accredited
only</button>

-

[P
weTTen susiness 2
— [

r = g

<em>Auto Repair</em>

. —
| B

- . — -
e

<span>Fast Lane 24 Hour Auto
Repair</span>

o [

T o &
SETTER BUSIESS .t
=1

<button>Search</button>

<a href="link:XXX">Read
Reviews</a>



Critic

Given action seguence and instruction, label if the task is successfully completed

Policy Evaluation

( User Instruction @ Tell me the cost of my latest canceled order N

Agent Trajectory g
States and actions |

———

Sl N
iy
g $174.99
e . Modular

l Vi T R ' Evoluator

¢ End-to-End '
Evaluator (_)
VLM-based Reasoner |

s |5

Ewluatlon |
X FAILURE

Autonomous Refinement
Inference-time Guidance (Reflexion)

@ (imstrucion

8 Agent Trajectory

Reflect &

Evaluator |
Retry

X FAILURE

Filtered Behavior Cloning

®| ( InstructlonsT—b Evaluator
B

8 o Trajectories V"
l?

Filtered Stote-Action Poirs

2l
v
i

[ Behavior Cloning |
Fine-tuning




Self-Improvement through exploration

Get driving time
from Ato B

1.Propose tasks Display the route R ks
from place A to B

2 .Explore websites o’

Find a Hilton hotel
Decide if can near this location,
drive from AtoB  thenshow me the

. o shortest walking
In a given time path to a nearby

Get the zip supermarket ...
code of a place

3.Accumulate skills

4.Leverage knowledge Get the @ 4
coordinates
of a place

o . :

— Find cafe Gap widens to 22.5
near a place

after 40 examples
Find a place

by its name




What's the Abstraction Level?

Trajectories: Accumulate knowledge in an inexplicit way
o Heavy: Training Policy

« Update & Adapt to new websites? Catastrophic forgetting

« Website changes?

Workflow: Textual Description of Procedure

« Lengthy
« How to update workflow?

« How to leverage multiple attempts into a workflow?



What's the Abstraction Level?

APIs:

Light-Weighted
Easy to Debug
Easy for trail-and-error

async def identify_pill(page, imprint, color=None, shape=None):
Automates the process of identifying a pill using the Pill Identifier
feature on Drugs.com.

Parameters:

- page: The Playwright page object.

- imprint: The imprint on the pill to be identified.
- color: (Optional) The color of the pill.

- shape: (Optional) The shape of the pill.

This function navigates to the Pill Identifier page, agrees to the terms,
inputs the pill's characteristics,
and submits the information for identification.

Usage Log:

- Successfully navigated to the Pill Identifier page and submitted pill
information for identification.

- Inputted imprint '93 5510', color 'White', and shape 'Oval' and
successfully submitted for identification.

- Encountered issues with strict mode violations when attempting to click
the 'Search' button due to multiple matches.

- Updated to use a more specific selector for the 'Search' button to avoid
strict mode violations.

nwen

import re

await page.goto("https://www.drugs.com/pill_identification.html”)
await page.get_by_role("link", name="Agree and Continue").click()
await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)
if color:
await page.get_by_role("group”, name="Color and shape (optional)”).
get_by_role(”"combobox", name="Color
(optional)").select_option(color)
if shape:
await page.get_by_role(”"group”, name="Color and shape (optional)”).
get_by_role(”"combobox"”, name="Shape
(optional)").select_option(shape)

search_button =
page.locator ("button.ddc-btn.ddc-btn-block[data-submit-loading]")
await search_button.click()




What i1f?

We have an algorithm:

Explore environment and accumulate skill&knowledge into APIs

A plug-and-play module for any agent capable of function calling



Overview

Skill Library

|

search_FDA_alert()

Oe LOF

identify_pill(imprint, color)

Skill Proposal

time useful

Identify Pill Using Pill Identifier
Check Side Effects for a Drug

Search a Condition’s Treatment

Browse Drugs by Letter

check_drug_interaction(drug_name)

subscribe_to_newsletters(email)

3
3

w

Skill Synthesis

Practice Skill - Reward Model — API Synthesis

async def identify_pill(page, imprint, color)
# Automates the process of identifying a pill on Drugs.com.
await page.goto("/pill_identification.html")

await page.get_by_role("link", name="Agree and Continue").click()

Check Side effects(drug name) await page.get_by_role("textbox", name="Pill Imprint").fill{(imprint}

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

Verification

Test Cases ___, Execution

+ if color: await page.get_by_role("group", name="Color and shape (optional)").get_by_role(

+ "combobox", name="Color (optional)").select_option(color)

await search_button.click(

.
Environment
I - B Srvgseont = ggDvgasom o= 4§ Drugscom o
Find Drugs & Conditions PMlidentifier PillIdentifier
—, ‘Search by imprin. shape o cole [o—
5 Q — ] o e iy sy et e et bt e e et
*55109 3" Pill Images

+ ©
¢+ ©
1 ©

Error:
Warning: Unused parameter 'color'
-> identify_pill(page, imprint, color)
The parameter 'color' is defined but never used in

the function body

Error: Search results validation failed.
API returned pills matching imprint '551@' but the

wrong color (expected: yellow).

Diagnosis:
Added color selection using the dropdown menu

Made color filtering optional

Uses 'if color': to make color filtering optional
Properly implemented color parameter in the search

function, locating the "Color and shape" group element




Skill Proposal

Environment

4 Drugscom =

Pill Identifier

HE DIUgseom  puga-z  elliefer miscton Chacker Mare =

Find Drugs & Conditions

Search by impring, shape or color

Skill Library

check_drug_interaction(drug_name)

subscribe_to_newsletters(email)

r-'

) search_FDA_alert()
& check_side_effects(drug_name)
O

identify_pill(imprint, color)

Skill Proposal

Check Side Effects for a Drug
Search a Condition’s Treatment
Browse Drugs by Letter

time useful

Identify Pill Using Pill Identifier 3

3

3

2

5

4

0000



Skill Synthesis

Skill Library Skill Synthesis

check_drug_interaction(drug_name) Practice Skill Reward Model —+ API Synthesis

subscribe_to_newsletters(email)

search_FDA_alert()

async def identify_pill(page, imprint, color):
# Automates the process of identifying a pill on Drugs.com.
await page.goto{"/pill_identification.html")
await page.get_by_role("link", name="Agree and Continue").click()

Check Side effects(drug name) await page.get_by_role("textbox", name="Pill Imprint").fill{imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

Qe LB

identify_pill(imprint, color)

await search_button.click()



Execution

Task Description:

Show me the reviews for the auto repair business closest to

10002.

Action Sequence:

Target Element Operation

1. [searchbox] Find :tvl:::repair
2. [button] Auto Repair CLICK

3. [textbox] Near IYOZSZ

4. [button] 10002 CLICK

5. [button] Search CLICK

6. [switch] Show BBB Accredited only CLICK

7. [svg] CLICK

8. [button] Sort By CLICK

9. [link] Fast Lane 24 Hour Auto Repair CLICK

10. [link] Read Reviews CLICK

Webpage Snapshots:

mkw
-

A
BETTER BUSINESS i
— “a

<input name="find_text"

type="search">

"..‘ - . .
l.. w o B - -
Ao Repair

-~ e "

« o
- (. Ss=ae

—
=

<button>Show BBB Accredited
only</button>

-

[P
weTTen susiness 2
— [

r = g

<em>Auto Repair</em>

. —
| B

- . — -
e

<span>Fast Lane 24 Hour Auto
Repair</span>

o [

T o &
SETTER BUSIESS .t
=1

<button>Search</button>

<a href="link:XXX">Read
Reviews</a>



Skill Synthesis

Skill Library

check_drug_interaction(drug_name)
subscribe_to_newsletters(email)

search_FDA_alert()

check_side_effects(drug_name)

Qe LB

identify_pill(imprint, color)

Skill Synthesis

Practice Skill Reward Model |—+ API Synthesis

async def identify_pill(page, imprint, color):
# Automates the process of identifying a pill on Drugs.com.
await page.goto{"/pill_identification.html")
await page.get_by_role("link", name="Agree and Continue").click()
await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

await search_button.click()



Qe COO

Skill Synthesis

Skill Library Skill Synthesis

check_drug_interaction(drug_name) Practice Skill - Reward Model API Synthesis

subscribe_to_newsletters(email)

search_FDA_alert()

async def identify_pill(page, imprint, color):
# Automates the process of identifying a pill on Drugs.com.
await page.goto{"/pill_identification.html")

await page.get_by_role("link", name="Agree and Continue").click()

Check Side effects(drug name) await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

identify_pill(imprint, color)

await search_button.click()




Verification

async def identify_pill(page, imprint, color):
# Automates the process of identifying a pill on Drugs.com.
await page.goto("/pill_identification.html")
await page.get_by role("1link", name="Agree and Continue").click()
await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

awalt search_button.click()

Drugscom c...ch

Know more. Besure.

Pill Identifier

Search by imprint, shape or color

Use the pill finder to identify medications by visual appearance or medicine name.

Pill Imprint
551093

Tip: Enter the imprint only first. Refine by color or shape if too
many results display.

Color and shape (optional)

[ Any color v ]

Any shape v

How to identify a pill using the Pill Identifier?

1. Enter the imprint code that appears on the pill, example: L484

2. Select the pill color (optional).

3. Select the shape (optional).

Enter the letters or numbers
from each side of your pill.

013y 5510

SIDE A SIDEB

For this tablet you would enter

9 35510

4. Alternatively, search by drug name or NDC code using the fields below.



Verification

async def identify_pill(page, imprint, color):

# Automates the process of identifying a pill on Drugs.com.

await page.goto("/pill_identification.html")

await page.get_by_role("1link", name="Agree and Continue").click()

await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

awalt search_button.click()

Pill Imprint
551093

Tip: Enter the imprint only first. Refine by color or shape if too
many results display.

Color and shape (optional)

{ Any color v ]

Any shape v

Enter the letters or numbers
from each side of your pill.

93§ 5510

SIDE A SIDEB

For this tablet you would enter

9 3 53510

Verification

Test Cases | Execution

Error:
Warning: Unused parameter 'color'

—> identify_pill(page, imprint, color)

The parameter 'color' is defined but never used in
the function body

Error: Search results validation failed.
API returned pills matching imprint '5510' but the

wrong color (expected: yellow).

Diagnosis:
Added color selection using the dropdown menu

Made color filtering optional

Uses 'if color': to make color filtering optional
Properly implemented color parameter in the search

function, locating the "Color and shape" group element




Verification

async def identify _pill(page, imprint, color):
# Automates the process of identifying a pill on Drugs.com.
await page.goto("/pill_identification.html")
await page.get_by_role("1link", name="Agree and Continue").click()
await page.get_by_role("textbox", name="Pill Imprint").fill(imprint)

search_button = page.get_by_role("form", name="Pill Identifier").get_by_role("button", name="Search")

Verification

Test Cases |, Execution

+ if color: await page.get_by_role("group", name="Color and shape (optional)").get_by_role(

+ "combobox", name="Color (optional)").select_option(color)

awalit search_button.click()

Pill Imprint

551093 Enter the letters or numbers
from each side of your pill.
Tip: Enter the imprint only first. Refine by color or shape if too
many results display.

913§ 5510
Color and shape (optional)
SIDE A SIDEB
{ Any color v ] For this tablet you would enter
9 35510

Any shape v

Error:
Warning: Unused parameter 'color'

—> identify_pill(page, imprint, color)

The parameter 'color' is defined but never used in
the function body

Error: Search results validation failed.
API returned pills matching imprint '5510' but the

wrong color (expected: yellow).

Diagnosis:
Added color selection using the dropdown menu
Made color filtering optional

Uses 'if color': to make color filtering optional
Properly implemented color parameter in the search

function, locating the "Color and shape" group element




More Examples of Synthesized APIs

APIs In GitLab

Explore GitLab

ups: and snippeds. Share your propacts with others

Drsoosad progscte, gi

Al earan  Berding Uipdated date

6§ Testlise Lise | sidekin: health-gheh-dema

T} Agariiieer Aossslem | Masilesiy Propect
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E map Lo _pebagent [ anwerwer
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More Examples of Synthesized APIs

APIs In GitLab

Explore GitLab

CRsconed Dropecls, GIouDs and srepiats. Shans your progscts with othars

ts_by_keyword(keyword: str

5 TottLbt Lot | b by Po ity e - herva
T dgaityae Acoesiliem | WantEEe Propkct F
LY o Tt | b et t4 P e Doy

T ATTY Pripect [ GO ME SPACE
[¥] o _webager | nae

E BaLnma _aebager | areenwer )

searchbox_locator = page.get_by_role('mair ='").get_by_role(
5 = st
—— ‘ L ='Filter by name')
r—— o it searchbox_locator.click()

S . await searchbox_locator.fill('')

o T reelicraeod ki Wy Twwes Dy DROLKDS COMWCOTY teade githud i3 | o Tl

await searchbox_locator.type(keyword)

e it @ e2 ¥o nw D . await page.keyboard.press('Enter')




Evaluation on Sandbox

Exploration:
Synthesize APls with 160

Task Success Rate Comparison on WebArena

Browsing Agent
+ Synthesized APIs

Iterations
Agents: S— =
* Browsing Agent: : (aso%)

e Browser Action
* +API Synthesis

* Extend action space with APlIs



How far are we from human-crafted APIs?

* Human Crafted APIs:
* Mining APIs from sandbox source code

Not realistic, but can serve for a case study

# Commits
## GET /api/{id}/commits: Get a list of commits in a project.
API | Attribute | Type | Description |
i e . | ‘id‘ | integer/string | The ID or path of the project. |
| ‘since’ | string | Only commits after or on this date. |
untilt® | string | Only commits before or on this date. |
Output JSON containing all commits that meet the given criteria.




Comparing with human crafted APIs

sk Success Rate Comparison on

API Support Level

MEDIUM:
Admin Access
Limited APIs

LOW:

Manually written
automation Code

Rate (%)

Success

Ta

WebArena




Comparing with human crafted APIs

HIGH APl support:
Admin Access
High Quality API

Success Rate (%)

Task Success Rate Comparison on WebArena

60

Browsing Agent

+ Synthesized APIs

+ Human Crafted APIs
50 1 51.9%

48.1%
40 -
40.6%
35.8%
30
29.8%
26.7%
25.7%
20 1
20.5%
13.6%
10 4
0 T T T T
Gitlab Shopping Reddit AG




Generalization to weaker Agent

* Empowering smaller models with APls synthesized by larger models
* Exploration: GPT-40
* Inference: GPT-40-mini

SKILLWEAVER
GPT-40 178 27.5 19.8 18.7 37.7 22.6
+ Skills 222 339 27.2 25.8 50.0 29.8
A 125% 123% 1 38% +38% 133% 132%
GPT-40-mini 6.1 10.3 11.8 3.3 18.9 9.2
+ Skills 8.9 16.7 17.1 7.7 26.4 14.1

A +46% 162% 146% 1133% 140% 1 45%




Scaling to Live Websites

Success Rate Comparison on Live Website Evaluation

Exploration: —
80 Iterations [—]
Evaluation: (o)
Drug: 23 |
Flight: 17 : o
Cooking: 8
Car: 9
|

T T T T T
Drug Flight Cooking Car AVG



Thank you!
&
Questions?



	Slide 1: Generalist Web Agents: From Perception to Planning
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: From Language Model to Language Agent
	Slide 11: From Language Model to Language Agent
	Slide 12: Web Agent
	Slide 13
	Slide 14
	Slide 15
	Slide 16: A task example in Mind2Web 
	Slide 17: The first framework for building a generalist web agent  
	Slide 18: MindAct
	Slide 19: Results of MindAct  
	Slide 20: Results of MindAct  
	Slide 21: Around six months later … 
	Slide 22: Around six months later …
	Slide 23:  So, what did we do?  
	Slide 24
	Slide 25: HTML -> Simplified HTML -> Image
	Slide 26: HTML -> Simplified HTML -> Image
	Slide 27: HTML -> Simplified HTML -> Image
	Slide 28: Image: A picture is worth thousands of words
	Slide 29: SeeAct Paradigm
	Slide 30: SeeAct Paradigm
	Slide 31: SeeAct Paradigm
	Slide 32: SeeAct Paradigm
	Slide 33: SeeAct Paradigm
	Slide 34: Grounding Strategies
	Slide 35
	Slide 36
	Slide 37: Online Evaluation
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56: What’s next step?
	Slide 57
	Slide 58
	Slide 59
	Slide 60: What’s next step?
	Slide 61: Task Proposal
	Slide 62: Execution
	Slide 63: Critic
	Slide 64: Self-Improvement through exploration 
	Slide 65: What’s the Abstraction Level?
	Slide 66: What’s the Abstraction Level?
	Slide 67: What if? 
	Slide 68: Overview
	Slide 69: Skill Proposal
	Slide 70: Skill Synthesis
	Slide 71: Execution
	Slide 72: Skill Synthesis
	Slide 73: Skill Synthesis
	Slide 74: Verification
	Slide 75: Verification
	Slide 76: Verification
	Slide 77: More Examples of Synthesized APIs 
	Slide 78: More Examples of Synthesized APIs 
	Slide 79: Evaluation on Sandbox
	Slide 80: How far are we from human-crafted APIs?
	Slide 81: Comparing with human crafted APIs
	Slide 82: Comparing with human crafted APIs
	Slide 83: Generalization to weaker Agent 
	Slide 84: Scaling to Live Websites
	Slide 85: Thank you!  &  Questions? 

