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Computer-using Agents
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[1] OS-Copilot: Towards Generalist Computer Agents with Self-Improvement
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Computer-Using Agents

Both academia and industry are building computer-using agents

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

22 Oct 2024 - 5 minread

k

Claude Computer Use

[2] Introducing computer use, a new Claude 3.5 Sonnet, and Claude 3.5 Haiku, 22 Oct 2024



Computer-Using Agents

Automating daily computer tasks

Introducing Operator

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

FRi
Bru-a
Go to Operator 2

 m—
Bookkeeping simple

scription Category Type Amount Balance

150 850

Bookkeeping simple
Description Category Type Amount Balance
150 850
Find and book me the highest
rated one-day tour of Rome on
Tripadvisor.

1l search for the highest-rated tour of historic

Rome on TripAdvisor. Once | find a suitable

option, I'l provide you with the details. Let's

i @ Tripadvisor 0

Worked for 2 minutes ~

Navigating to TripAdvisor website Roman Forum

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
Exploring options for top-rated tours
Sorting results by tour ratings

Exploring filters for top-rated tours

OpenAl Operator Daily Computer Use

[3] Introducing Operator: A research preview of an agent that can use its own browser to perform tasks for you., Jan 23, 2025
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[4] OSWorld: Benchmarking Multimodal Agents for Open-Ended Tasks in Real Computer Environments
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Computer-Using Agents

Playing Games

RGB
bbservation
with labeled|
unit and

id

Textual Observation:

"Current game state:\n\nOur units:\n- Zealot_1: Health: 100.0/100.0, Shicld: 50.0/50.0\n- Stalker_1: Health: 80.0/80.0, Shield: 80.0/80.0'n- Phoenix_1: Health:
120.0/120.0, Shield: 40.0/60.0\n- Immortal _1: Health: 200.0/200.0, Shield: 100.0/100.0\n- Archon_1: Health: 10.0/10.0, Shield: 342.0/350.0\n\nEnemy
units:\n- Viking Assault_1: Health: 125.0/125.0\n- Marine_1: Health: 45.0/45.0\n- Reaper_1: Health: 60.0/60.0\n- Ghost_1: Health: 100.0/100.0\n- Marauder _1:
Health: 125.0/125.0\n- Medivac_1: Health: 150.0/150.0\n- Banshee_1: Health: 140.0/140.0\n- Hellbat_1: Health: 135.0/135.0\n\n*

Unit Info:

"simplified_tag": 12,"original tag": 4297850881, "alliance": 4,"unit_type": 55,"unit_name": "Banshee_1*,"health": 140.0,"max_hcalth": 140.0,"shield":
0.0,"max_shield": 0.0,"energy": 52.0, "position": [ 952.0,679.0 ] }......

MineCraft StarCraft 11
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[5] AVA: Attentive VLM Agent for Mastering StarCraft 11



Computer-Using Agents

I 2 e Ce I I t I I I du Str S/ I la_ 5/ e r S Acting as a visual agent for productivity automation, Qwen3.5 enables autonomous interaction with smartphones and computers. As a

mobile agent, it can follow natural-language instructions to take actions within mobile apps and enable smooth interaction across multiple
apps. As a computer agent, it handles complex, long-horizon desktop workflows, enabling office automation.

Expand all demos v
Demo1 Excel e
Fill the missing rows and columns which show the total value
{v; Qwen3.5
Seed ______

Overview

Our team is releasing Seed1.8, a model designed for generalized real-world agency. It supports
text and image inputs and with its powerful multimodal processing capabilities, it demonstrates
good performance across various complex application scenarios such as information retrieval,
codinglGraphical User Interface (GUI) interaction.

[5] Seed1.8 A generalized agentic model that can efficiently and accurately accomplish complex tasks in real-world scenarios.
Page 6

[6] Quwen3.5: Towards Native Multimodal Agents



Computer-using Agents

Automate scientific workflows, be your co-scientist

Instruction: Predict the protein structure for the amino acid sequence of ' MGND...' via AlphaFold in ChimeraX.

Step1: Toggle the widget of AlphaFold.  Step2: Input the given sequence and call ~ Step3: Wait until the prediction finished.
out AlphaFold for structure prediction.

Instruction: Show planets' orbits of Solar System in Celestia.

3

Step1: Select the Sol and click 'Goto'in ~ Step2: Slide the mouse wheel to move Step3: Click to show orbits of planets.
contect menu. the camera away from Sol.

[7] ScienceBoard: Evaluating Multimodal Autonomous Agents in Realistic Scientific Workflows
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Computer-using Agents

Startups

Research Product About us Blog <Discord> <Github>

® Frivate Run Simula 1ac0S O = o)

a webp prowser.

(Next Action) Now | need to open a web Shared Virtual Machine
browser. I'll use the agent.open method to

open Firefox, which is a common web bt a2 b OB 8 OBE smin

browser on Linux systems.

(Grounded Action)
Ac 52
N/
Agent is executing task

Get in line to talk to Agent S .
v

0 40 viewers watching now
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Seminal works on Computer-Using Agents

SeeClick: Harnessing GUI Grounding for Advanced Visual GUI Agents, ACL 2024 Foundation Models

OS-ATLAS: A Foundation Action Model for Generalist GUI Agents , ICLR 2025 Spotlight

OS-Genesis: Automating GUI Agent Trajectory Construction via Reverse Task Synthesis , ACL 2025 Data

Breaking the Data Barrier -- Building GUI Agents Through Task Generalization, COLM 2025

¥ AgentStore: Scalable Integration of Heterogeneous Agents As Specialized Generalist Computer Assistant, ACL 2025

OS-Symphony: A Holistic Framework for Robust and Generalist Computer-Using Agent, ACL 2026 Frameworks

ScienceBoard: Evaluating Multimodal Autonomous Agents in Realistic Scientific Workflows : L
Frontier Application

N} Safety:
| g OS-Sentinel : Towards Safety-Enhanced Mobile GUI Agents via Hybrid Validation in Realistic Workflows , ACL 2026 .
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Computer-Using Agents

Generally, both GUI and CLI can enable computer use
(though they have ditferent capability boundaries).

Today, our discussion focuses on GUI-based computer-using agents.

€Cm——————

GUI Agents

Let’s start with enabling a VLM to make an “action”

Page 10



&  SeeClick: Harnessing GUI Grounding for
Advanced Visual GUI Agents

Kanzhi Cheng, Qiushi Sun, Yougang Chu, Fangzhi Xu, Yantao Li, Jianbing
Zhang, Zhiyong Wu

Page 11



SeeClick: Overview

We built a purely visual GUI Agent f- See(Click, which interacts with GUIs
through screenshots, does not require any structured information.

Just like Human!

Instruction: Download the e-receipt with the last name Smith and
confirmation number X123456989.
Text-based:

<form element_id="200">

@ Text-based agent’s next action
<label element _id="205">Last Name:</label> Element: <element id=206>
<input type="text" name="lastname" element -
_id="206">

S| Action: CLICK

# Selenium Code
<input type="submit" value="Get Receipt" element

lement = driverfind_element(By.XPATH InPUt' ScreenShOtS

'//*[@element_id="206"]")
Simplified HTML Code  element.click()

o
>

Vision-based:
»iBudget’

Reservations Deals Cars & Services Fastbreak ~Locations

By sescics nstction Output: the action (with location) &

{“action”: “click”, “loc”: [0.46, 0.62]}
Car Rentals e-Receipts

Car Rentals e-Receipts

n viewing receipt.

n—

GUI Screenshot

[7] SeeClick: Harnessing GUI Grounding for Advanced Visual GUI Agents, ACL 2024
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SeeClick: GUI Grounding

(In 2024) We discovered a key challenge in developing visual GUI agents: GUI

grounding — the capacity to accurately locate screen elements based on

instructions.
Browse ®

- In order to view the new album of Jony ], where should I click?

@ GPT-40 (an earlier version): hmmm... Sorry I don’t know. I

S SeeClick: (0.49, 0.40)

Radio Library Search

Page 13



How SeeClick is Built

Overview of SeeClick’s framework and GUI grounding pre-training.

Mobile Ul Related

Widget Captioning

Mobile Ul Grounding

]

A4 — Web OCR Web Ul Grounding

General VL Data

ﬁ VQA Visual Reasoning

I
|
|
|
|
|
|
|
: Web Ul Related
|
|
|
|
|
1
|
|
\

el el il T e e et e

—— o o o =

Ul Summarization

\

Vision
Encoder
(ViT)

Next action: click (0.49, 0.40)

T

_——
—_——

o
j:- Large Vision-Language Model (LVLM)

: i

Vision-Language Instruction:
Adapter

“View the new album of Jony J”

p—
e T

Uses ~1M GUI-specific samples combining web U, mobile Ul, and

general vision-language data.

Includes GUI grounding tasks, such as predicting click points and

generating element descriptions.

Page 14




S
How SeeClick is Built

Web Ul Grounding data
1. Crawled from large-scale web pages (~300K pages) instructions
2. Includes text elements and tooltip-based descriptions

Target: element localization from instructions p(y|s, x) and OCR-style text prediction p(x|s, y)

Mobile UI data elements e v
1. Widget captioning and UI grounding from public datasets (e.g., RICO)
2. Ul summarization to improve holistic interface understanding

2005 NISSAN ELGRAND HWS
PREMIUM NAVI EDITION

AARARLITY! GUT 91 $TO0K

General VL instruction data
1. Adopted from multi-purpose VL instruction-following corpora (e.g., LLaVA)

2. Supports preserving general reasoning and descriptive capabilities < class=eader” /
<li>...</li> g
</ul> =
:c/i?\i/v;a ="container">//
<di Iass="produc!-ﬁ\umbnails"xa href="#" title="Previous image"></a></div>
<di Iass:"product#delail">
l< iv>...</div> !

d ]
<button>ENQUIRE NOW</button>|
<div class=“product-share”>...</div>

</div>
</div>

Page 15



The First Modern GUI Grounding Benchmark

GUI Grounding Benchmark: ScreenSpot

14:50 ¢ ol T

< Settings Battery

Battery Percentage

Low Power Mode I
Low Power Mode temporarily reduces backgrcun?
activity like downloads and mail fetch until you cgn
fully charge your iPhone. /

/
Battery Health & Charging Serlice
/

/
/
Last 24 Hours LPst 10 Days
Last Chargeeto100% v
11:23 Instruction: open the
low power mode
BATTERYLEVIL Source: Mobile (iOS)
Type: Icon/Widget
IIII|||||‘HM""”M"""““ |"||IIIIII||||||||||mmm..||*

10570 ® @ - RERI T, @D 69%
« Instruction: See more
options for Dark Mode
H ource: Mobile (Android)
D I Spl \;ype: Text
COLOR SCHEME ?

Light mode

/f Dark mode

Schedule Dark / )
Sunset to sunrise
mode

SCREEN

AutoSave

Document1

&

100

@M = |

Manage

sert Draw Design Layout References  Mailings Review View Q Tellme & sh
Home Share View Recycle Bin Tools
Arial V26 M A A Ay A A v
ria - av | Aoy = A/ Dﬁ r « «
B I Uva A2 -A-E® T e Styles  Styles o
55 SvEL = d 2 L’
65 Empty Recycle Bin  Restore Restore the
In g siyles ke Heading 1 and Title have been applied fotext (Home ab, Styles Recycle Bin properties  all items selected items
@ 75t youaquickly overhaul the ook of the
8 . Manage Restore
TS Instruction: Change font venaged
Design tab, select the different Style Sats ah atch the formating change
0t size to 20 3 Downloads *
11“5 . rce: Desktop (macOS) [ Documents »
= / Type: Text = Pi ; "
2 W | Pictures Instruction: Switch to
14 3
o 1225 OneDrive path
_ B8 b Music Source: Desktop (Windows)
I .
Y R R — B Videos Type: Text
24 T = e =
v 26 | @ OneDrive 4= —
< 2/ | T -===== !
36 3 This PC
. 3D Object:
72 | jects
Vo can ko i 2 watomare o pagebrder. o G 50 oo o e - I Desktop
[£ Documents
& Downloads
D Music
Edit pictures without leaving Word =] Pictures
[ T M S
5 498words [X  English (United States) @ Focus - — 2items

The A11Y Project > allyproject.com

Issues > #1460

Instruction: Create a new
merge request Close issue
Source: Web (Development)
Type: Text

[ open [ Issue created 1 year ago by 38 Byte Blaze

Link to WCAG 2.1 instead of 2.0%

Discussed in https://github.com/al1yproject/al 1yproject.comldiscpssions/1459

Originally posted by robinmetral August 10, 2022 Can we lnk to the WCAG 21 website instead of WCAG 2.0 F'm
not sure if this is consistent throughout the site, but I'm seeing it on e.g. the checklist links to success
criteria. For instance, users are sent to 3.1.5 Reading Level (WCAG 2.0) instead of 3.1.5 Réading Level (WCAG
2.1).

\
|

Am | missing a reason why these should continue to link to 2.0?

Edited 1 month ago by Byte Blaze

Create merge request v

2, Drag your designs here or click to upload.

Tasks @0 Instruction: Likes on this dd v A
No tasks are currently assigned. Use taskd o ’Sgaukedcwnwi sug into smaller parts.
ource: Web (Development)
Type: Icon/Widget
Linked items [ 0 Add A

1inb inaniae tamathar b chaw that thautra ralatad | asrm mars

] 21
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The First Modern GUI Grounding Benchmark

Different types of elements

10% in ScreenSpot

6%

: Text Icon/Widget
@ .
= :
P
_ ScreenSpot 232
‘ o 140 ot
15% N
278
198 210

mioS Android ® Windows macOS

Mobil » =
Tools o |e Desktop Web =

m Development ® Shopping Forum

600+ screenshots and 1,200+ instructions across mobile (iOS,
Android), desktop (macOS, Windows), and web platforms.

Both text elements and icons/widgets

Collected from real-world apps and websites

Page 17
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ScreenSpot: Component

Mobile

w0 e

asac -2 817 il 40 €8

Instruction: My Instruction: i Instruction: 2 Acmi> Instruction:

account Remove maps " ... Disallow Scan QR code
os Source: Mobile from the © seaseacn automatic app Z :"Ng Source:

(ios) Desktop < ot updates R Mobile

Type: Source: Mobile ~ @ " Source: Mobile . ez (Android)

Icon/Widget (i0S) e (ios) o s Type:

Type: ‘ Type: © sutet 0ota Icon/Widget

L R Icon/Widget poer— Icon/Widget =
© BOFES
App Updates U © Alarm
Browse Categories In-App Content C ® RmiTe
& fEs
I NotPiaying > x ) Help
o () a Q Automatic Downloads G HEABTER
o CEpomioR’s LACk ¥ Cwic 2 it @ PAESEESERAS
. G — ] — arEm .
y’ Instruction: Instruction: B e = + oo ek | o | v Instruction: o Instruction:
d . . .
OOKLA Continue Display 15-day ~ December 2023 w Search event  Notes Tasks Fold input
Yourprlvaz:fstmpcnant Source: Mobile weather Sun Nen Tue Wed e F = Source: Mobile s method
el (Android) forecast (i05) - Source: Mobile
Type: Text e Source: Mobile Type: Text (Android)
lear 5°/-4° .
~ 0 (Android) : . s o ’ . ’ Type:
Il d Type: Text Icon/Widget
T e  Set reminder 0
data may be transferred, and 10 n 2 3 “ 15 6
® o @
® Today Clear s &8 1 ® L] 20 2 2 [23) QIWIE|R|T]Y]UlI|O}P
@ Tomorrow Clear A4 -+ - AlSIDIFIGIH]J]IK]|L
82e; oy R @ Z X CVBNM Q@
24 25 26 27 28 29 30
15-day forecast BRan - | o | - EEEEe
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ScreenSpot: Component
Desktop

& seting

< v B 5 cckevin Q . . Mome ket O Oesign Lwyout References  Maiings  Review  View Tellme . . . .
Instruction: e Instruction: Printers & scanners Instruction: Open
Createanew = & * s =:+ acs Enlarge font FECo=="" s piriers & scanes Fax
T L _ _— —@_ document size 0 - Source: Desktop
; ) A s s ;
—J i ’ ‘ ) | Source: Welcome to Word Source: i (Windows)
i it 6 tips for & simpler way to work Bluetagily & other devioa
il T Toiume %% Desktop e Desktop T — Type: Text

(macos) Quick access to commands
e,

Printers & scanners

(macos) Mouse

®

(<]

e, .
0 ) Type: Text e

—— SHEL SHEL | S

Type: b Microsot Pt t0PDF
e g B
Icon/Widget =

Documents [ETSTRIET)  download_mind2 Downloads events.out.tfevent o Pen & Windows Ink Microsoft XPS Dosument Wrter
15 items web.sh 400 items 516940...20777.0
o 22 citey OneNots for Windiows 10
L . oo 0 use

Instruction:
Add subtitle
Source:
Desktop
(Windows)
Type: Text

Click to add title

Click to add subtitle

P T

Lg] Samsung SCX-2200 Series (US007)
Offline

lg] Samsung Universal Print V3.0016.00
Offine

wabarens - minimal_sxampia.py

5 e > sco-w w05 ass INstruction: Pause the

e S < v} debugger
imers oo et T, Aot 20, Source: Desktop
T — i (macos)
L | Tvpe: lcon/Widget
o afe + amv e apeisranioeantis ilat canels $1e1)
-
Bear 1ng: PEP €84 type hint typing.Me str, [typing.any])

Gepracatad by PEP SES scheduled for ranoval in the first Python version ralasssd after Octodsr Sth, 2025, To resclve this, irport
this hint fron “baartype.typing® sachan than ‘typing®. Ses this discussion for further dutails and alternatives.

waen(
blot internsl/ fields py:149: Userherning: Field
"40061_10" has Confict WLth protected neessgece 'rovel "

Yau may be ahle to resolve this warning by setting ‘sonsl_canfig(‘pratactas_nansspaces’] = 0.
warnings wann(

DG = Pvenriags  =TODD @ PyhenComsde  © Pusens N Temini 4 Enponts O Sevees
OLF UTES famens Pyt 310 rubirans
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ScreenSpot: Component

e

O design

£ You can't push or pull repositories using SSH until you add an SSH key to your profile.

@ Project information

B Repository

O issues 2 Frimec » desian

13 Merge requests W

& cico D design &

ProjectD: 180 @ Leave projact

D Security & Compliance
@ Deployments o921 Commits 1”39 Branches <0 Tags [ 98.2 MB Project Storage
© Packages and registries Primer Design Guidelines
@ Infrastructure

@ Monitor

Add interface guidelines for ProgressBar (#452) «..
1+ Analytics *  Mike Perrotti authored 9 months ago
Q wi
X snippets main v | design | + v
[)README  %F MIT License | [ CONTRIBUTING
Name Last commit
E3 github #dd more deploy triggers (#406)
B3 content Add interface guidelines for ProgressBar (

« Collapse sidebar

Forums Wi

Overview  Submissions  Comments

4 MarvelsGrantMen136 [OP] wrote 17 minutes ago Hide
l # Reply 1o Is car necessary in NYC by MarvelsGrantMan136
Machine learning could help  provi d automating tasks
alink Delete £t
4 MarvelsGrantMan136 (0P] wrote 24 days ag0 Hide -
l # Replyto L i
Publishing by MarvelsGrantMan136
n processes, analy for
. and trends for
Reply Permalink Delete  Edit
+ How Machine Learning Could Revolutionize PublishingHow Machine Learning Could
l Revolutionize Publishing
‘Submitted by MarvelsGrantMan136 24 days ago in books
" comment £t Delete
4 MarvelsGrantMan136 [OP) wrote 24 daye ago Hide
l # Reply to How Machine Learning Can Help. i i Ip
Corresponding Field by MarvelsGrantMan136
help ing fel ing trends, and suggesting

&  + Submit

Instruction: Set
Reminder
Source: Web
(Development)
Type:
Icon/Widget

KUnstr 22 | ¥ Fork 0

Unveriied | | 260eB40e | &

Find file

WebIDE | & -

Last update
10 months ago

9 months ago

& MarvelsGrantMan136 ~

Instruction: Reply

MarvelsGrantMan136 to the fifSt post
i Source: Web

12_Sadwixvnl am a robotPro Python
Developer with 20 years of
ExperiencePro Python Developer with 20
years of ExperiencePro Python
Developer with 20 years of
ExperiencePro Python Developer with 20
yeSeeking SDE positionsPro Python
Developer with 20 years of
Experiencears of Experience

(Forum)
Type: Text

# Edit biography

Toolbox

Hidden forums

Trash

One Stop Market

Beauty &Personal Care | Sports & Outdoors - Clothing, Shoes & Jewelry - Home &Kitchen - Office Products - Tools & Home Improvement

Health & Household - Patio, Lawn & Garden

One Stop Market

Electronics

My Account My Wish List 55 items ~ SignOut  Welcome, Emma Lopez!

Instruction: Go
to Beauty &
Personal Care
Source: Web
(Shop)

Type: Text

Advanced Search

Cell Phones & Accessories.

Video Games.

Grocery & Gourmet Food

¥ You added Pre-baked Gingerbread House Kit Value Pack, 17 oz, Pack of 2, Total 34 0z.to your shopping cart.

Product Showcases

/- OpenStreetMap

Boston

—

W G
L BGncon Cotshi’

\

f
Al

\ T Instruction:
i 7 Ml Zoominon
\ B the map
Source: Web
e ok /E (Tools)
Al

Type:
B3 /con/Widget

/ : (o5

o

)’
v aftan 7 i {7 Retigions
D /) © OpenStrociiap contributors w Mk  Donaticn, Wiebito and AP terms
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I
Results on ScreenSpot

SeeClick improvement over LVLM baseline Qwen-VL mQwen-VL mSeeClick

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
| | |
of N ull N - I [
N e,“& «Q& <S°' &‘oo .‘o°' v"’& 3& o*'d, & c‘o \\7’& \b"o :ée' z“}: '° \Ow x°"<° o‘i& &\Q'Q Q\° & \"‘}o% & &8 '»bé, :,‘\" sg'@ 'd’ ,b"’ \3’6 e’?‘o & ~<~°Q ~<~‘°
(5‘& ;,?9\? &* & ° eQ"\ ¥ S & ,\t~'°Q & VY o+°" F & S d‘b & & \gz,o Al 0‘& & & NS & L
£ ¥ & Y R @ WYY KN E S O Y &S S s SV ¥ A & @
‘@(‘ S ® 3 C & C & z(‘}' o z-g'." ot ® 0('\" o & G ¥ . \&Q & 6°° &
K3 é\c‘." N o & e & ¢ S S Q&Q o6
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ScreenSpot’s Far-reaching Impact

ScreenSpot
’,—"’:l”¢\~~“~~~
- -~ 4 \\ ~~~~~
- / ~~~~
—"" // \\\ ~“~~
- 4 S S=o
- 4 \\ Ss~o
—’—" ’l \\ ~~~~~~
-_—" /7 SN D Yy
- - U4 \\ Ssao
£~ ¥ A ‘ “-a
o a . ~ 4\(
ScreenSpot V2 ScreenSpot-Pro w  ScreenSuite %’_«‘ MMBench-GUI
A new ScreenSpot Specifically designed for high- Treat ScreenSpot as an Treat ScreenSpot as an
with error correction res professional scenarios evaluation component evaluation component

(e.g., Photoshop, MATLAB),
featuring more complex tasks.

[8] OS-ATLAS: A Foundation Action Model For Generalist GUI Agents, ICLR 2025 Spotlight

[9] ScreenSpot-Pro: GUI Grounding for Professional High-Resolution Computer Use

[10] ScreenSuite - The most comprehensive evaluation suite for GUI Agents! e



OS-ATLAS: A Foundation Action Model For }.}, ICLR 2025 Spotlight
Generalist GUI Agents .

Zhiyong Wu, Zhenyu Wu, Fangzhi Xu, Yian Wang, Qiushi Sun, Chengyou Jia,
Kanzhi Cheng, Zichen Ding, Liheng Chen, Paul Pu Liang, Qiao Yu
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The Road of Building GUI Agent

Still, a vision-only solution

- Previous: html / allytree as states
- Trending: screenshots as states (human-like)
Importance of Large Action Model

Y+

Planner Action Model

Minimal Agent

Page 24




S
Overview of OS-Atlas

VLMs’ Poor performance in GUI scenarios, because:

- Most existing VLMs are rarely pretrained on GUI screenshot images

The heterogeneity of content and format in existing datasets

Action
Grounding Mode Action Mode Agent Mode (Web)
Action
Linux Web (Desktop) Plug-in
Windows Desktop = g
MacOS Mobile e
! e Action / \ Grounding
a ! S 0 N
Y ! Zero-shot OOD Age,ZjEy;l'Casks\- @ (Mobile) V[ /
o Generalization ‘@ : g;ﬁl:s-m
N SeeClick
7 o |
Agent ‘ Agent
OS-Atlas ] (Web) Agent (Mobile)
(Desktop)

Grounding Mode: Superior GUI Grounding and Plug-in with Planner
Action Mode: Zero-shot Generalization on OOD tasks (Larger Action Space)
Agent Mode: DIY your own agent
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Two-Stage Training

GUI Grounding Pretraining sy

Desktop Mobile

£ 1 Value 20.3

e

——— /i Search Bar

/—_Unified

Basic Action
CLICK [[x, y]]
SCROLL [Dir.]
TYPE [Text]

1 y OS-Atlas-Base

Custom Action
LONG_PRESS [[x, y]]

SELECT [Ele.]

OS-Atlas



I
Infrastructure and Data Synthesis

Desktop Mobile ! #Screenshots Open
mmmmmmmmemmmmeg R S : i Dataset Web Mobile Desktop Source #Elements
o aue03 ) g /ioearhBar il SeeClick 270K 94K - v 33M
=V E N\ | FemetUl - 124K X <M
| (407,681) | \{@52173) ¢ § GUICourse 73K 9K ] v 10.7M
"""""""""""""" i CogAgent 400K - - X 70M
| 0S-Atlas 19M 285K 54K v 13.58M

- The first multi-plattorm GUI grounding data synthesis toolkit, including:
*  Web - Collected a large number of URLSs from Common Crawl.
* Desktop - Windows, Linux and MacOS (integrated with OSWorld and uses random walk to collect
trajectories).
* Mobile - Android (integrated with AndroidWorld).
- Training set comprises over 2.3 M distinct screenshots and more than 13 M GUI elements.
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Action-Finetuning Stage

Thought

e (OS-Atlas-Base =2 OS-Atlas

Action = __
. e : L
- S Unified Action Space (Basic + Custom)
Basic Action Custom Action e Task-level Agent model
CLICK [[x,y]]  LONG_PRESS [[x, y]]
SCROLL [Dir.] ...
\ TYPE Text SELECT [Ele.] y
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I
Experiments: GUI Grounding

. Mobile Desktop Web

Planner) Grounding Models Text Icon/Widget Text Icon/Widget Text Icon/Widget Ave.
Fuyu 41.00 1.30 33.00 3.60 33.90 4.40 19.50
CogAgent 67.00 24.00 7420 20.00 7040 28.60 47.40
SeeClick 78.00 52.00 7220 30.00 55.70 3250 53.40
InternVL-2-4B 9.16 4.80 4.64 4.29 0.87 0.10 4.32

) Qwen2-VL-7B 61.34 3929 5201 4498 33.04 21.84 42.89
UGround-7B 82.80 60.30 8250 63.60 80.40 7040 73.30

OS-Atlas-Base-4B |85.71 5852 72.16 4571 8261 63.11 70.13
OS-Atlas-Base-7B 93.04 7293 91.75 6286 90.87 7427 8247

SeeClick 83.52 5939 8247 3500 6696 3544  62.89
UGround-7B 9340 7690 9280 6790 83.70 6890  81.40
OS-Atlas-Base-4B |94.14 7380 77.84 47.14 8652 6553 76.81
OS-Atlas-Base-7B {93.77 7991 90.21 6643 92.61 79.13 85.14

GPT-4o0

OS-Atlas-Base-7B achieves SOTA performance on ScreenSpot.
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I
Experiments: Disentangled Planning and Action

Successful Rate

Models OS Calc Impress Writer VLC TB Chrome VSC GIMP WF Avg.
GPT-40 + SoM 20.83  0.00 6.77 4.35 6.53 0.00 4.35 4.35 0.00 3.60 4.59
GPT-40 8.33 0.00 6.77 4.35 16.10 0.00 4.35 4.35 3.85 5.58 5.03
+ SeeClick 16.67  0.00 12.76 435 23,52 6.67 10.86 870 1154 7.92 9.21

+ OS-Atlas-Base-4B | 20.83  2.23 14.89 870 2352 13.33 15.22 13.04 1538 7.92 | 11.65
+ OS-Atlas-Base-7B | 25.00 4.26 17.02 870 2941 26.67 19.57 1739 19.23 891 | 14.63

Human 75.00 61.70  80.85 7391 70.59 46.67 7826 7391 73.08 73.27 | 72.36

-[E) GPT-40: 5% on OSWorld
- GPT-40 + OS-Atlas: 14.6%

Insight: next bottleneck ? => complex reasoning and planning.
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I
Experiments: Zero-shot and SFT

Web and Desktop
Models GUI-Act-Web OmniAct-Web OmniA ct-Desktop
Type Grounding SR Type Grounding SR Type Grounding SR
Zero-shot OOD Setting
GPT-4o0 77.09 45.02 41.84 | 79.33 42.79 34.06 | 79.97 63.25 50.67
OS-Atlas-4B 79.22 58.57 42.62 | 46.74 49.24 22.99 | 63.30 42.55 26.94
OS-Atlas-7B 86.95 75.61 57.02 | 85.63 69.35 59.15 | 90.24 62.87 56.73
Supervised Fine-tuning Setting

InternVL-2-4B | 81.42 47.03 36.17 | 47.51 51.34 24.39 | 67.00 44 .47 29.80
Qwen2-VL-7B | 89.36 90.66 82.27 | 89.22 85.94 78.58 | 96.27 94.52 91.77
SeeClick 88.79 78.59 72.34 | 86.98 75.48 68.59 | 96.79 70.22 72.69
OS-Atlas-4B 89.36 89.16 81.06 | 88.56 82.00 73.91 | 96.51 85.53 84.78
OS-Atlas-7B 89.08 91.60 82.70 | 97.15 95.41 93.56 | 97.15 95.85 94.05
Mobile

Models AndroidControl-Low Android Control-High GUI-Odyssey

Type Grounding SR Type Grounding SR Type Grounding SR
Zero-shot OOD Setting
GPT-40 74.33 38.67 28.39 | 63.06 30.90 21.17 | 37.50 14.17 5.36
OS-Atlas-4B 64.58 71.19 40.62 | 49.01 49.51 22.77 | 49.63 34.63 20.25
OS-Atlas-7B 73.00 73.37 50.94 | 57.44 54.90 29.83 | 60.42 39.74 26.96
Supervised Fine-tuning Setting

InternVL-2-4B | 90.94 84.05 80.10 | 84.09 72.73 66.72 | 82.13 55.53 51.45
Qwen2-VL-7B | 91.94 86.50 82.56 | 83.83 77.68 69.72 | 83.54 65.89 60.23
SeeClick 93.00 73.42 75.00 | 82.94 62.87 59.11 | 70.99 52.44 53.92
OS-Atlas-4B 91.92 83.76 80.64 | 84.69 73.79 67.54 | 83.47 61.37 56.39
OS-Atlas-7B 93.61 87.97 85.22 | 85.22 78.48 71.17 | 84.47 67.80 61.98

OS-Atlas achieved SOTA
performance across 3 different
platforms, 6 distinct datasets, and
2 evaluation settings (Zero-shot

OOD and SFT).

Huge superiority over GPT-40
under zero-shot OOD setting.
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More Cases about GUI Tasks

‘w Grounding Model

ol Ple?se help me rpodify VS Code setting to hide GPT—40
all "__pycache__" folders in the explorer view.

Step 1 Step 2

@ Click on the gear icon @ Click on \"Settings\" in the @ Click on the search settings
Settings dropdown menu input box

[[364, 1036]] [[443, 84411 [[948, 398]]

Step 4 Step 5 Step 6

@ Type \"files: exclude\" in @ Click on \"Add Pattern\" @ Type the pattern to exclude
the search settings input button under Files: Exclude __pycache__ folders
box
TYPE [files: exclude']
Step 7

@ Click on the \"OK\" button @ Press Enter to confirm the @ Close the settings tab using
to confirm the exclusion exclusion pattern the keyboard shortcut

) pattern
o, [[1221,759]] ENTER HOTKEY [CTRL, “W”]

OS-World
Planner: GPT-40
Action Model: OS-Atlas (7B)

More Demos ?
Please check out our homepage !
- https://osatlas.github.io/

L (OS-ATLAS)
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Next

We already have strong action / foundation models that map
instructions to actions.

Now, we aim to empower agents with complete Perception-Decision-
Execution capabilities.
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Build Computer-using Agents

Quite promising to achieve digital automation in one model.

Can we transform a (V)LM into such GUI agents?

1. Perceive
2. Planning
3. Action

Of course! But it is a non-trivial job!

environment




Recap: Language Agents

Text Input —>—> Text Output

Language Models
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Recap: Language Agents

Text Input —>—> Text Output

Language Models

. Percepts @
<€
S, =
Actions
LLM-based Agents

Page 38

But this is not enough for Computer-using / GUI Agents.



I
Computer-using Agents

Agents are promising, but building powerful agents is challenging.

1. Agents need to follow human instructions.|

2. Agents need to perform planning and action.§)

3. Agents need to perceive envs.@ and the applications they are
interacting with.

gggggg



Best Way to build Computer-using Agents

Behavioral Cloning / Imitation Learning.

.

Sounds good, but where is our data?




. ESESES—S—S—_——e
Data Problems

Human annotation for GUI data is much more expensive than you think.@

Not to mention scenario/domain - specific data.

How about having the machine collect data?

1. Pre-defined tasks are required, but they may not align with the
environment.

2. Limited diversity and a poor success rate.
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I
Data Scarcity

So, our goals are as follows:
1. Eliminate human involvement.

2. Obtain high-quality Trajectory data.
3. Diversity and Scalability.



OS-Genesis: Automating GUI Agent Trajectory acL 2025
Construction via Reverse Task Synthesis VIENNEL

Qiushi Sun®, Kanzhi Cheng*, Zichen Ding*, Chuanyang Jin*, Yian Wang

Fangzhi Xu, Zhenyu Wu, Liheng Chen, Chengyou Jia, Zhoumianze Liu
Ben Kao, Guohao Li, Junxian He, Yu Qiao, Zhiyong Wu

JOHNS HOPKINS

UNIVERSITY
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GUI Trajectory Data

The best data format for GUI agents

1. A high-level instruction that defines the overall
goal the agent aims to accomplish

2. A series of low-level instructions that each
describe specific steps required

3. Actions (e.g., CLICK, TYPE) &)

4. States, which include visual representations
like screenshots and textual representations such

as allytree

®)

<>
]

High-level Instruction

Mark the 'Avocado Toast with Egg' recipe as a

favorite in the Broccoli app.

J/

e
History

v

— Low-level Instruction ~

I need to click "Avocado Toast
with Egg" to view more details
and find the option to mark it

as a favorite.
\_ J

@ Environment State

Avocado Toast with Egg
Adelicious and healthy choice for any

BBQ Chicken Quesadillas
Aquick and easy meal, perfect for busy

Current

>»>

~ Action ~

CLICK [Avocado
Toast with Egg]
(698, 528)

S
N )
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Reverse Task Synthesis

Interaction-Driven Functional Discovery is a rule-based process that
explores dynamic GUI environments by interacting with Ul elements. It
uncovers functionalities through interaction triples

We collect: <Screenl, action, Screen2>

/—@ Environments —\ / Exploration Space \

‘ V \‘9 ;Gi E Interact 5 w ‘‘‘‘‘‘‘ == _,,
@ S —— . ' ReCOT’d - -
web . ‘&3 e
'm' 000 : = — \F— ..
@obile . f j \ - ———— - /
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Dynamic Environments

20/ 1 dX: 0.0 dy:0.0 Xv: 0.0 Yv:0.0 Size: 0,0 P:0/1 dX:0.0 dY:0.0 Xv:0.0 Yv:0.0 -s : 0.0
L/I.4U v v -E - Il{!.‘fU v v Ee -

g Q_ Search contacts & places \01

XYy

= Search contacts

Now you can find Settings and Help &
feedback here

Call your favorite contacts
with just one tap

Add a favorite

, =)

a N * ® 2 ao
Contacts Fix & manage Favorites Recents Contacts Voicemail
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[11] AndroidWorld: A Dynamic Benchmarking Environment for Autonomous Agents, ICLR 2025



Dynamic Environments

My Account My Wish List  Sign Out Welcome to One Stop Market

One Stop Market 4
Advanced Search

Beauty & Personal Care Sports & Outdoors Clothing, Shoes & Jewelry Home & Kitchen Office Products Tools & Home Improvement

Health & Household Patio, Lawn & Garden Electronics Cell Phones & Accessories Video Games Grocery & Gourmet Food

Home Cell Phones & Accessories

Cell Phones & Accessories

Shop By

Items 1-12 of 2449 SortBy  Position v 4

Shopping Options
Category
Accessories( 1924)

Cases, Holsters & Sleeves(
457)

Cell Phones( 68)

Price

$0.00 - $999.99( 2446)
$1,000.00 and above( 3)

Comnare Products
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[12] WebArena: A Realistic Web Environment for Building Autonomous Agents, ICLR 2024



Dynamic Environments
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[6] ScienceBoard: Evaluating Multimodal Autonomous Agents in Realistic Scientific Workflows



I
Reverse Task Synthesis

Retroactively interpreting changes in the GUI environment caused by
actions.

[ Screenshots & Actions ]

Interact
> l )
S CLICK
( (540, 1317)
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I
Reverse Task Synthesis

Retroactively interpreting changes in the GUI environment caused by
actions, this process generates executable low-level instructions

7~

| Screenshots & Actions ] [Low—level Instructions] The data we Synthesized:

Low: Click the 'Event'

CLICK
(540, 1317) R button to start adding 1. Grounded
------- > a new event to the
calendar.

2. Actionable

@o Low: Type 'organic
T2 green tea' and press

Enter to view search Grounded: tasks that are contextually valid and can be
9 [organic green tea] ) results. reasonably executed within the environment.

-

Page 50



Reverse Task Synthesis

Retroactively interpreting changes in the GUI environment caused by
actions, this process generates executable low-level instructions, which
are then transtformed into broader, goal-oriented high-level tasks

Screenshots & Actions ] [ Low-level Instructions ] [

High-level Instruction ]

CLICK
(540, 1317)

S~ TYPE_.
organic green tea
\_ [org g ] )

Low: Click the 'Event'
button to start adding
a new event to the
calendar.

@o Low: Type 'organic

green tea' and press
Enter to view search
results.

'\/ / High: In Simple Calendar Pro, create a

new event titled "Team Meeting' scheduled
for October 15, 2023, at 10:00 AM. Save the
event after filling in the details.

@g¢ High: Search for 'organic green tea' and

filter the results to show only products
under the 'Health & Household' category,
sorted by price from lowest to highest.
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I
Reverse Task Synthesis

After reverse task synthesis generates task instructions, they are automatically
executed in the GUI environment to build complete trajectories.

High: Mark the 'Avocado Toast with Egg' recipe as a favorite in the Broccoli app.

%3 Low: Click on Avocado - Low: Click “Mark
Toast with Egg to view 1= as favorite”option.
more details.

Low: I need to first
open the Broccoli-
Recipe App.

LA Action: Action: Action:

X KXY OpenApp (“Broccoli”) CLICK (698,528) CLICK (912,201)

e ) ) 2
? 7_\ 3

AN 2
~~~~~~~~~~~~
~~~~~~~~~~~~~~~
________________________________

High: Set a reminder for the 'Review session for Annual Report' scheduled on
October 18th in Simple Calendar Pro and save the changes.

Low: Click
’| “Save” button.

Low: I need to first 7 Low: Select the
open the Simple specific event
Calendar Pro. “Review session for

HEEHAEH . :
HEEHHEE :
i H H 2 H
5 MHIEE &

ion: Annual Report”. )
Acgﬁg' (“Simple “oo ] Action: Action:
henapp By S CLICK 7,596 | CLICK (638, 211)

-
-

N N,
~~~~~~~~~~
~
~~~~~~~~~~~~~~~~~~~~

o000 000 Pagesz

~
~s
~. -
~ -
___________



I
Reverse Task Synthesis

Trajectories collected! But is this all?

Let's consider data quality and synthesis efficiency.

High: Mark the 'Avocado Toast with Egg' recipe as a favorite in the Broccoli app.

High-level Instruction 1a
i m Co——1 Mark.the'z 'Avocado To'ast with Egg' recipe as a
Low: I need to first B ] .ow: Click on Avocado |=="" Low: Click “Mark ittt favorite in the Broccoli app.
open the Broccoli- . Toast with Egg to view as favorite”option.
Recipe App. . more details. @Environment State @ i
o > B0
LR A Action: s Action: Action:
pldhdhd OpenApp (“Broccoli”) ¢ | CLICK (698,528) CLICK (912,201)
o ) [ )
. - = l\ ~~~~~ : — - =
High: Set a reminder for the 'Review session for Annual Report' scheduled on °
October 18th in Simple Calendar Pro and save the changes. -
pr— i et ——— Hisfory ~ Cument Next
Low: I need to first o Low: Select the S Low: Click v A
open the Simple : : specific event meeneee | “Save” button. : Vv A 2
Calendar Pro. | “Review session for | - ( Low-level Instruction Action
. = Annual Report”. ( .
o ) Ao = acton: Ao ~
Y BAONCOE. . ¢/ CLICK (658, 211 and find the option to mark it
Calendar Pro”) - o] CLICK (77, 596) ( ) as a favorite. )
o T S

~
~~~~~~~~

~

~ =

~~a e ~ -
~——. — S -

L B )
Page 53



I
Data Quality Control

Tasks are executed by machines, not all of them are successtul.

Previous approach:
1. Training all data at once - what about the quality?
2. Discarding all incomplete Trajectories - what about the efficiency?

Thus, we introduce a Trajectory Reward Model to handle this.



I
Reward Modeling

We introduce a Trajectory Reward Model for weighted sampling in training.

High: Mark the 'Avocado Toast with Egg' recipe as a favorite in the Broccoli app.

(Task Complete)

% Low: Click on Avocado Low: Click “Mark
Toast with Egg to view - as favorite”option.
more details.

Low: I need to first
open the Broccoli-
Recipe App.

Action: Action:
CLICK (698,528) CLICK (912,201)

LA A Action:

0 ® “B 1 "
OpenApp (“Broccoli”)

.
AN -
~~~~~~~~~~~~~~~~~~~~~~~
_____
________________________________

High: Set a reminder for the 'Review session for Annual Report' scheduled on

October 18th in Simple Calendar Pro and save the changes.

. ([ nos sia |
e AR

Low: I need to first | Low: Select the
open the Simple : specific event “Save” button. :
Calendar Pro. = “Review session for|° ( . Reward
. = Annual Report”. = = 3/5
Action: e . ‘o —
“ey we 0V Action: Action:
OpenApp ("Simple Sn] CLICK (77, 59) CLICK (658, 211) (Task Incomplete,
Calendar Pro”) oo e - But Trajectory Valuable)
N— ——

~
~ - =
~ ~.
~~ - ~<. - s -
-~ - -~ - ~- -
Se—— —_——— Se~ea -_—— Se— —
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Models
Data Synthesis

GPT-40
@ Qwe n-VL Qwen2-VL-72B-Instruct

Backbones

\\((’/, InNternV L InternV12-4B /8B
@ Qwen-VL Qwen2-VL-7B-Instruct

[13] Qwen2.5-VL Technical Report

[14] Expanding Performance Boundaries of Open-Source Multimodal Models with Model, Data, and Test-Time Scaling



I
Training Strategies

Leverage trajectory characteristics to train GUI agents with complete capabilities

1. Planning Training High-level Low-level

El = - Z log (Po(ﬁ | S, hiac)°p9(a’ | S, h’i707€))
t;,eT

2. Action Training
Input Actions History

Lo=- ) logpy(a|s,c,?)
t;eT
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I
Training Strategies

After Training, our agents will generate ReACT-Style output

Examples:
Step 1: To create a new folder in Markor, I need to first open the Markor app.
action: {"action type":"open app", "app name":"Markor"}

Step 2: To create a new folder, I need to click on the "Create a new file or folder" button,
which is indicated by the plus icon.
action: {"action type":"click","x":964.5,"y":2074.5}

Step 3: I need to change the folder name to folder_20241224. The current text field for the
folder name is visible and editable.

action:
{"action type":"type","text":"folder 20241224","x":373.5,"y":552.0}
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[15] ReAct: Synergizing Reasoning and Acting in Language Models, ICLR 2023



™.
Baselines

We adapt / build the following forward baselines
- Zero-Shot. Advanced prompting-based agents, such as M3A.

- Task-Driven. GUI Trajectories synthesized using pre-defined tasks. Given initial
screenshots of the app/web pa%e and task examples, use GPT-4 to generate
high-level instructions and collect data.

- Self-Instruct. Builds on Task-Driven by adding self-instructed tasks.

Setting: Screenshot + Allytree

gggggg

[16] Self-Instruct: Aligning Language Models with Self-Generated Instructions, ACL 2023



I
Experiments: Mobile

AndroidControl-High AndroidControl-Low

Base Model Strategies AndroidWorld
SR Type SR Type
GPT-40 Zero-Shot (M3A) 23.70 53.04 69.14 69.59 80.27
Zero-Shot 0.00 16.62 39.96 33.69 60.65
Task-Driven 4.02 27.37 47.08 66.48 90.37
InternVL2-4B
Task-Driven w. Self Instruct 7.14 24.95 44.27 66.70 90.79
0OS-Genesis 15.18 33.39 56.20 73.38 91.32
Zero-Shot 2.23 17.89 38.22 47.69 66.67
Task-Driven 4.46 23.79 43.94 64.43 89.83
InternVL2-8B
Task-Driven w. Self Instruct 5.36 23.43 44.43 64.69 89.85
0OS-Genesis 16.96 35.77 64.57 71.37 91.27
Zero-Shot 0.89 28.92 61.39 46.37 72.78
Task-Driven 6.25 38.84 58.08 71.33 88.71
Qwen2-VL-7B
Task-Driven w. Self Instruct 0.82 39.36 58.28 71.57 89.73
0OS-Genesis 17.41 44.54 66.15 74.17 90.72

Table 1: Performance on AndroidWorld and AndroidControl benchmarks.

Findings: OS-Genesis + Opensource VLM > Propriety Models + Complex Prompting
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I
Experiments: Web

Base Model Strategies Shopping CMS Reddit Gitlab Maps Overall
GPT-40 Zero-Shot 14.28 21.05 6.25 14.29 20.00 16.25
Zero-Shot 0.00 0.00 0.00 0.00 0.00 0.00
Task-Driven 5.36 1.76 0.00 9.52 5.00 4.98
InternVL2-4B
Task-Driven w. Self Instruct 5.36 3.51 0.00 952 7.50 5.81
0OS-Genesis 10.71 7.02 3.13 794 7.50 7.88
Zero-Shot 0.00 0.00 0.00 0.00 0.00 0.00
Task-Driven 3.57 7.02 0.00 6.35 2.50 4.56
InternVL2-8B
Task-Driven w. Self Instruct 8.93 10.53 6.25 7.94 0.00 7.05
OS-Genesis 7.14 15.79 9.34 6.35 10.00 9.96
Zero-Shot 12.50 7.02 6.25 6.35 5.00 7.47
Task-Driven 8.93 7.02 6.25 6.35 5.00 7.05
Qwen2-VL-7B
Task-Driven w. Self Instruct 8.93 1.76 3.13 484 7.50 5.39
OS-Genesis 7.14 8.77 15.63 15.87 5.00 10.79

Table 2: Performance on WebArena benchmarks.
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I
Analysis

How Far are we from Human Data?

Then, OS-Genesis v.s. Human-annotated Trajectories.

[ ] Task-Driven Self-Instruct [ ] Task-Driven Self-Instruct
0S-Genesis [ | Human 0S-Genesis [ | Human

90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 l_l 10
0 0

High-Level Low-Level High-Level Low-Level

Insight: OS-Genesis achieves ~80% of human data’s effectiveness.
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Analysis

How about our data diversity?

[Task-Driven [1Self-Instruct [Z10S-Genesis BllHuman

Inst. (Mobile)

Traj. (Mobile) =

Inst. (Web) =

Traj. (Web)

0.70

0.75

0.1

0.0

Task-Driven

0.1

0.01 "

Self-Ing,truct

..
.
v
o ..t:c
CE
. . }..
. o5 a0
D | .
oo’ soxt’.:.
"o L
\‘ﬁo "-";}"
. BT IO
o &% S .* Dl
TN -,
o S ge
S ep e
%
. o e
.

0.1

0.0y

OS-Genesis

Insight: Significantly better than Forward methods and approaches the human level.
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Checkpoints & Data Access

Available on HuggingFace

0S-Genesis: Automating GUI Agent Trajectory
Construction via Reverse Task Synthesis

Published on Dec 28, 2024 Submitted by @ QiushiSun on Jan 2 | #1 Paper of the day

Authors: € Qiushi Sun, @ Kanzhi Cheng, € Zichen Ding, «/ Chuanyang Jin, Yian Wang, @ FangzhiXu, Zhenyu Wu,

4 Upvoted 88

# Models citing this paper 9

& 0S-Copilot/0S-Genesis-7B-AC

@ Chengyou Jia, - Liheng Chen, Zhoumianze Liu, Ben Kao, Guohao Li, Junxian He, Yu Qiao, ZhiyongWu s Tt o Todt £85\Updated 1an 8 .
& 0S-Copilot/0S-Genesis-4B-AC
Abstract Image-Text-to 4B - Updated Jan8 - £31 - @
0S-Genesis is a novel GUI data synthesis pipeline that enhances the training of GUI agents by reversing the trajectory 8:05-Copi1ot/05-Genesis-8B-AC
Image-Text-to-Text - .:i 88 - Updated Jan8 - £ 38 - @ 4

collection process to improve data quality and diversity.

“ Al-generated summary

Graphical User Interface (GUI) agents powered by Vision-Language Models (VLMs) have demonstrated human-like
computer control capability. Despite their utility in advancing digital automation, a critical bottleneck persists: collecting
high-quality trajectory data for training. Common practices for collecting such data rely on human supervision or
synthetic data generation through executing pre-defined tasks, which are either resource-intensive or unable to
guarantee data quality. Moreover, these methods suffer from limited data diversity and significant gaps between
synthetic data and real-world environments. To address these challenges, we propose 0S-Genesis, a novel GUI data
synthesis pipeline that reverses the conventional trajectory collection process. Instead of relying on pre-defined tasks,

0S-Genesis enables agents first to perceive envi and perform step-wise interactions, then retrospectively derive
high-quality tasks to enable trajectory-level exploration. A trajectory reward model is then employed to ensure the
quality of the generated trajectories. We demonstrate that training GUI agents with 0S-Genesis significantly improves
their performance on highly challenging online benchmarks. In-depth analysis further validates 0OS-Genesis's efficiency
and its superior data quality and diversity compared to existing synthesis methods. Our codes, data, and checkpoints are
available at https://qgiushisun.github.io/0S-Genesis-Home/{OS-Genesis Homepage}.

2 View arXiv page 2 View PDF @ Projectpage £ ©) GitHub * 146 2 Add to collection

Environments 7 EpoaonSpace ——
vangs 1

RN )

-] @
"eOo

Click the Evert @5
start acding, %,
othe

Y

[[Screenshors & Actions | [ Lowlevel Intructions Highteve Instruction

& 0S-Copilot/0S-Genesis-7B-AW

Any-to-Any

Browse 9 models citing this paper

Datasets citing this paper 2

0S-Copilot/0S-Genesis-mobile-data
= Viewer - Updated Mar 17 511k + 201 - W 2

0S-Copilot/0S-Genesis-web-data

Updated Mar 1 54 3

B Spaces citing this paper 0

No Space linking

e arxiv.org/abs/2412.19723 in a Space README.md to link it from this page

Collections including this paper 17

sorted by price

¢ Community

© QiushiSun | Paperauthor  Paper submitter Jan2

UlAgent & Collection

a collection of algorithmic agents for user

Updated about 3 hours ago

Papers @ Collection

540 items - Updated 3 days ago 11

This paper introduces 0S-Genesis, an interaction-driven pipeline for synthesizing high-quality and diverse GUI agent trajectory gl
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Broader Influence

Mobile-R1: Towards Interactive Reinforcement Learning for VLM-Based Mobile Technical Report O Tencent Al Lab

Agent via Task-Level Rewards

Jihao Gu*, Qihang Ai*, Yingyao Wang*, Pi Bu*, Jingxuan Xing*,
Zekun Zhu, Wei Jiang, Ziming Wang, Yingxiu Zhao, Ming-Liang Zhang,
Jun Song’, Yuning Jiang', Bo Zheng
Taobao & Tmall Group of Alibaba
{gujihao.gjh, aigihang.agh, wangyingyao.wyy, bupi.wj} @taobao.com

MobileGUI-RL: Advancing Mobile GUI Agent through Reinforce-
ment Learning in Online Environment

Yucheng Shil?*, Wenhao Yu'*, Zaitang Lil3, Yonglin Wangl, Hongming Zhangl, Ninghao Liu?,
Haitao Mi!, Dong Yu!

!Tencent Al Seattle Lab, 2University of Georgia, 3Chinese University of Hong Kong

Trajectory-Level Reward (Rr,,;) To obtain a compre-
hensive evaluation signal for multi-turn interactions, an ex-
ternal, high-fidelity MLLM, GPT-40 (OpenAI 2023), is em- ’a Tencent
ployed to assign a scalar reward score to the entire historical Al Lab
interaction trajectory 7 = (g, aq, ..., ay). Drawing inspi- 3.3.1 Self-Exploration for Diverse Task Discovery

[ ration from prior work (Sun et al. 2024), we establish two |

primary scoring criteria for GPT-40":
* Trajectory Coherence: This checks if steps and actions

consistently follow the target instruction, actions are
clear and specific, and if there are no unnecessary steps.

» Task Completion: This evaluates if the task is fully com-
pleted, all necessary interactions are made, and errors are
handled properly.

The 5-level scoring rubric is applied by GPT-4o, yielding a
final score within the range [0, 1].

Our self-exploration mechanism leverages the natural structure of mobile interfaces to discover
meaningful tasks. The process begins with an exploration agent 7teypore performing random walks
through the GUI environment. These walks are not purely random gut incorporate basic heuristics
such as preferring unexplored Ul elements and avoiding repetitive loops. Each exploration trajectory
Toxplore = 1(50,40), .-, (Sn,4n) } captures a sequence of state transitions that potentially represent

a coherent task. Inspired by Sun et al. (2025), we then employ GPT-40 to reverse-engineer task |

descriptions from these trajectories. Given a trajectory, the model generates a natural language
instruction q that would motivate the observed sequence of actions. This reverse process — figuring
out the goal from the actions — produces a variety of tasks that match what the app is designed to do.
The generated tasks span a wide spectrum, from simple interactions (“Open the settings menu”) to
complex multi-step procedures (“Set a recurring alarm for weekdays at 7 AM”).
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Broader Influence

OPENCUA: Open Foundations for
Computer-Use Agents UI-Venus Technical Report:
Building High-performance Ul Agents with RFT

Zhangxuan Gu*, Zhengwen Zeng*, Zhenyu Xu*, Xingran Zhou*, Shuheng Shen*', Yunfei Liu*, Beitong Zhou*,

Xinyuan Wang™ Bowen Wang™ Dunjie Lu™ Junlin Yang™ Tianbao Xie™ Junli Wang™

Jiagi Deng*Xiaole Guo*Yiheng Xu*Chen Henry Wu‘Zhennan Shen*Zhuokai Li*Ryan Li*Xiaochuan Li* Changhua Meng, Tianyu Xia, Weizhi Chen, Yue Wen, Jingya Dou, Fei Tang, Jinzhen Lin, Yulin Liu, Zhenlin Guo,
Junda Chen*Boyuan Zheng*Peihang Li*Fangyu Lei*Ruisheng Cao*Yeqiao Fu*Dongchan Shin*Martin Shin* Yichen Gong, Heng Jia, Changlong Gao, Yuan Guo, Yong Deng, Zhenyu Guo, Liang Chen, Weigiang Wang
Jiarui Hu* Yuyan Wang* Jixuan Chen* Yuxiao Ye* Danyang Zhang* Hao Hu™ Huarong Chen™ Ant Group

Dikang Du™ Zaida Zhou™ Haotian Yao™ Ziwei Chen™ Qizheng Gu™ Yipu Wang™ Heng Wang™
Diyi Yang® Victor Zhong” Flood Sung™ Y. Charles™ Zhilin Yang™ Tao Yu'*

X XLANG Lab, The University of Hong Kong ™ Moonshot Al
¢ Stanford University * University of Waterloo € Carnegie Mellon University

ANT
GROUP

Table 2: Comparison between OPENCUA and Other GUI Datasets

MoonShOf Al Dataset Tasks Avg. Env. Personalized Human Dom/ Video Inner
Step Type Env. Traj. AxTree Monologue
AndroidControl[22] 15283 5.5 Mobile X v v X Short
AMEX]8] 2991 11.9 Mobile X v X X X
AitW[31] 2346 8.1 Mobile X v v/ X X
AitZ[55] 1987 6.0 Mobile X v X X Short
GUI Odyssey[24] 7735 15.3 Mobile X v X X X
| OS-Genesis[34] 2451 6.4 Mobile&Web X X v X Short |

‘WonderBread[39] 598 8.4 Web X v v v/ X
AgentTrek[48] 10398 12.1 Web X X v v Short
Mind2Web[12] 2350 7.3 Web X v v X X
GUIAct[9] 2482 6.7 Web X v v X X
AgentNet 22625! 18.6 Desktop v v v/ v/ Long
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Our Project

OS-Genesis

Automating GUI Agent Trajectory
Construction
via Reverse Task Synthesis

Introducing OS-Genesis, a manual-free data pipeline for synthesizing GUI agent
trajectory. OS-Genesis is characterized by the following core features:

Interaction-driven: Agents actively explore GUI environments through stepwise

interactions to discover functionalities and generate data.

Reverse Task Synthesis: OS-Genesis retroactively derives meaningful low/high-level task :
instructions from observed interactions and state changes, enabling the construction of ! 5 : < ’ LS ] s EF' Yﬁﬁi (OS-Gene si S)
diverse and executable trajectories without pre-defined tasks. ' | ' A ; i ‘ )

Trajectory Data: We construct and release high-quality mobile and web trajectories to

accelerate GUI agents research.

Performance: OS-Genesis significantly outperforms other synthesis methods on
benchmarks like AndroidWorld and WebArena.
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I
Key Takeaways beyond the Paper

1. Constructing trajectory data does not have to start with instruction writing.
2. Data generation could leverage the exploration space of the given environment.
3. Diverse types and qualities of trajectory data require distinct strategies for

optimal use.

We believe these mindsets provide a data synthesis framework that
extends far beyond computer-using scenarios to broader agentic tasks.
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I
Another Solution for Data Scarcity?

OS-Genesis is cool! s

However, there are still limitations — for example, the type of synthetic data is
constrained by the environment itself.

A single environment may reach its limit after producing just tens of 10K samples.

Can we push it even further?
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I
GUI Trajectory Data

Issue: Although we have collected more trajectory data, it still remains limited
compared to general LLM/VLM tasks.

Domains Datasets Samples Type

Web OS-Genesis (Web) (Sun et al., 2024b) 3,789 Instruction, Thought, Action
MM-Mind2Web (Zheng et al., 2024a) 21,542 Instruction, Thought, Action
VisualWebArena (Koh et al., 2024a) 3,264 Instruction, Thought, Action

Mobile OS-Genesis (Mobile) (Sun et al., 2024b) 4,941 Instruction, Thought, Action
Aguvis (Xu et al., 2024b) 22,526 Instruction, Thought, Action

Table 2: Statistics of the web/mobile domains along with the corresponding GUI trajectory
datasets used in post-training.

RQ: Is it possible to leverage “external forces” to further enhance the use of GUI data?
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Breaking the Data Barrier — Building GUI Agents
Through Task Generalization

Junlei Zhang*; Zichen Ding*, Chang Ma, Zijie Chen, Qiushi Sun,
8 8 & ]
Zhenzhong Lan, Junxian He
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I
Enhancing GUI Agent with Non-GUI Data

Prove that the sum of the
squares of the lengths of the
medians of a tetrahedron is
equal to 4/9 of the sum of

S e, the squares of the lengths of
poarnin its ed ges.

Can we take advantage of these data-rich Chart Text Math

domains? A A X
SV

Ebodied Multi-modal Math

However, we have abundant non-GUI data
available to enhance versatile abilities, such
as complex reasoning

y
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I
Enhancing GUI Agent with Non-GUI Data

Prove that the sum of the
squares of the lengths of the
medians of a tetrahedron is
equal to 4/9 of the sum of

S e, the squares of the lengths of
poarnin its ed ges.

Mid-Training refers to the training Chart Text Math

phrase between pre-training and post-
training, enhance the fundamental A A
J VL

abilities of models
Ebodied Multi-modal Math

We introduce Mid-Training to the GUI
Agent training:

y
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I
Enhancing GUI Agent with Non-GUI Data

Prove that the sum of the
squares of the lengths of the
medians of a tetrahedron is

. .. equal to 4/9 of the sum of
L. Nalvely traming on non-GUI e the squares of the lengths of

data, then post-training on GUI i its edges.
data can lead to gradient Chart Text Math

conflicts.
J

Ebodied Multi-modal Math

Mid-training with Non-GUI data:

y

2. What kinds of domains should
we use?
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I
Enhancing GUI Agent with Non-GUI Data

So, our goals are as follows:
1. Discover generalizable non-GUI domains

2. Design stable training methods.

3. Combine the generalizable to obtain larger mid-training dataset.

PPPPPP



Mid-Training
1. We concatenate mid-training data with GUI 1.2 el
trajectory and train sequentially. Both stages Lo
are integrated under a single optimizer and
learning rate. 2]
206,
0.4

0.2— l\N\'M\J\—“
0 2000 4000 6000 8000
Steps
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Mid-Training

2. We mix the GUI trajectory into the mid-
training data during the mid-training stage,
to stabilize the training.

S

0 2000 4000 6000 8000
Steps

(a) Multi-modal Math w/ mixing

0

2000 4000 6000
Steps

(b) Multi-modal Math w/o mixing
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I
Mid-Training

We adapt the following baselines:

- Fine-tuned Qwen2-VL-7B-Instruct. We post-train Qwen2-VL-7B-Instruct
directly as the baseline.

- GPT-4o.



I
Mid-Training

Domains Observation WebArena AndroidWorld
PR SR SR
GUI Post-Training Only Image 263 6.2 9.0
Public Baselines
GPT-40-2024-11-20 Image 369 15.6 11.7
OS-Genesis-7B Image + Accessibility Tree - = 17.4
AGUVIS-72B Image - - 26.1
Claude3-Haiku Accessibility Tree 268 127 -
Llama3-70b Accessibility Tree 356 126 -
Geminil.5-Flash Accessibility Tree 324 111 -
Vision-and-Language Modality
Chart/ Document QA Image §22%68 6.2 153
Non-GUI Perception Image 287 7.6 14.0
GUI Perception Image 274 71 14.0
Web Screenshot2Code Image 280 6.6 99
Non-GUI Agents Image 30.8 8.5 135
Multi-modal Math v/ Image 304 85 1558
Multi-round Visual Conversation Image 300 90 12.6
Language Modality
MathlInstruct v/ Image ST9ONF10:9 144
Olympiad Math v/ Image SIE58 8.5 13.1
Codel/O v Image 29.28 90 14.9
Web Knowledge Base Image 813 (95 9.0
Domain Combination (Sampled data from v"domains)
GUIMid Image B 55 Iz
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I
Mid-Training

Domains Observation WebArena AndroidWorld
PR SR SR
GUI Post-Training Only Image 26:N 6 9.0
Public Baselines
GPT-40-2024-11-20 Image 369 15.6 11.7
OS-Genesis-7B Image + Accessibility Tree - = 174
AGUVIS-72B Image - - 26.1
Claude3-Haiku Accessibility Tree 268 127 &
Llama3-70b Accessibility Tree 356 126 -
Geminil.5-Flash Accessibility Tree 324 111 &
Vision-and-Language Modality
Chart/ Document QA Image 248 6.2 153
Non-GUI Perception Image 28.7 7.6 14.0
GUI Perception Image 274 71 14.0
Web Screenshot2Code Image 280 6.6 99
Non-GUI Agents Image 30.8 85 1315
Multi-modal Math v/ Image 304 85 153
Multi-round Visual Conversation Image 30.0 9.0 12.6
Language Modality
MathInstruct v/ Image 319 109 144
Olympiad Math v/ Image BIESy 8.5 13.1
Codel/O v Image 29.27 N90 149
Web Knowledge Base Image 315795 9.0
Domain Combination (Sampled data from v"domains)
GUIMid Image %3 95 ;2

Our 7B baselines achieve a comparable performance on AW, but relatively lower results on Web.
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I
Mid-Training

Domains Observation WebArena AndroidWorld
PR SR SR
GUI Post-Training Only Image 26:N 6 9.0
Public Baselines
GPT-40-2024-11-20 Image 369 15.6 11.7
OS-Genesis-7B Image + Accessibility Tree - = 174
AGUVIS-72B Image - - 26.1
Claude3-Haiku Accessibility Tree 268 127 &
Llama3-70b Accessibility Tree 356 12.6 -
Geminil.5-Flash Accessibility Tree 324 111 &
Vision-and-Language Modality
Chart/ Document QA Image 1246 6.2 15.3
Non-GUI Perception Image 28.7 7.6 14.0
GUI Perception Image 274 7.1 14.0
Web Screenshot2Code Image 280 6.6 9y
Non-GUI Agents Image 30.8 85 1315
Multi-modal Math v/ Image 304 85 153
Multi-round Visual Conversation Image 30.0 9.0 12.6
Language Modality
MathInstruct v/ Image 319 109 144
Olympiad Math v/ Image BIESy 8.5 13.1
Codel/O v Image 29.27 N90 14.9
Web Knowledge Base Image 315795 9.0
Domain Combination (Sampled data from v"domains)
GUIMid Image %3 95 ;2

Generally, the similar domains (e.g. Document QA) do not help much on the Web, though they help some in
the mobile tasks.
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I
Mid-Training

Domains Observation WebArena AndroidWorld
PR SR SR
GUI Post-Training Only Image 26:N 6 9.0
Public Baselines
GPT-40-2024-11-20 Image 369 15.6 11.7
OS-Genesis-7B Image + Accessibility Tree - = 174
AGUVIS-72B Image - - 26.1
Claude3-Haiku Accessibility Tree 268 127 &
Llama3-70b Accessibility Tree 356 12.6 -
Geminil.5-Flash Accessibility Tree 324 111 &
Vision-and-Language Modality
Chart/ Document QA Image 248 6.2 153
Non-GUI Perception Image 28.7 7.6 14.0
GUI Perception Image 274 71 14.0
Web Screenshot2Code Image 280 6.6 99
Non-GUI Agents Image 308 8.5 1315
Multi-modal Math v/ Image 304 85 153
Multi-round Visual Conversation Image 30.0 9.0 12.6
Language Modality
MathInstruct v/ Image ST 14.4
Olympiad Math v/ Image SifSy 8.5 13.1
Codel/O v Image 29.27 90 14.9
Web Knowledge Base Image 315795 9.0
Domain Combination (Sampled data from v"domains)
GUIMid Image %3 95 ;2

All math-related domains help! Even the language math data, demonstrates generalization from text to
multimodal tasks.
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I
Mid-Training

Here we have some useful domains, what if we combine them?

We combine the math and code data and sample a 300K mid-training data: GUIMid
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GUIMid

Domains Observation WebArena AndroidWorld
PR SR SR
GUI Post-Training Only Image 26:N 6 9.0
Public Baselines
GPT-40-2024-11-20 Image 369 15.6 11.7
OS-Genesis-7B Image + Accessibility Tree - = 174
AGUVIS-72B Image - - 26.1
Claude3-Haiku Accessibility Tree 268 127 &
Llama3-70b Accessibility Tree 356 126 -
Geminil.5-Flash Accessibility Tree 324 111 &
Vision-and-Language Modality
Chart/ Document QA Image 248 6.2 153
Non-GUI Perception Image 28.7 7.6 14.0
GUI Perception Image 274 71 14.0
Web Screenshot2Code Image 280 6.6 99
Non-GUI Agents Image 30.8 85 1315
Multi-modal Math v/ Image 304 85 153
Multi-round Visual Conversation Image 30.0 9.0 12.6
Language Modality
MathInstruct v/ Image 319 109 144
Olympiad Math v/ Image BIESy 8.5 13.1
Codel/O v Image 29.27 N90 149
Web Knowledge Base Image 315795 9.0
Domain Combination (Sampled data from v"domains)
GUIMid Image %43 95 | 22 |

The combined data shows a significant improvement, especially on mobile, indicating these math and code
data can complement each other, further enhancing the model's reasoning ability when combined.
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Next Step:

We now have powertful agents capable of both planning and making action.

However, a single agent always has performance limits.

So ...

How about bringing more agents to the party? E “%

ssssss




AgentStore: Scalable Integration of Heterogeneous  acL 2025
Agents As Specialized Generalist Computer Assistant WV IENNEL

Chengyou Jia, Minnan Luo, Zhuohang Dang, Qiushi Sun, Fangzhi Xu,
Junlin Hu, Tianbao Xie, Zhiyong Wu
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I
Multi-Agent Algorithms COLM

Published as a conference paper at COLM 2024

Corex: Pushing the Boundaries of Complex Reasoning
through Multi-Model Collaboration

Qiushi Sunoo*Zhangyue Yin* Xiang Li* Zhiyong wu®? Xipeng Qiu. Lingpeng Kong(7
<>Shanghai Al Laboratory “The University of Hong Kong

*Fudan University * East China Normal University
giushisun@connect.hku.hk, yinzy21@m.fudan.edu.cn, xiangli@dase.ecnu.edu.cn
wuzhiyong@pjlab.org.cn, xpqiu@fudan.edu.cn, 1pk@cs.hku.hk

Discuss Review Retrieve

How about multi-agent + GUI Agents
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Can a Single Agent handle a variety of OS tasks?

Task_1: In a new sheet with 4 headers "Year", "CA changes", "FA changes", and "OA changes",
calculate the annual changes for the Current Assets, Fixed Assets, and Other Assets columns.

SmailBalancesheet.xisx - Ubreoffice Calc

a B- 5 A ~e A B ARBBET Q-0 i - 7/

BIU-A-®- TEL = o-DB0 w22 0-0-Q-8-

fE.=

Current Assets Fixed Assets Other Assets Assets Current Liabilities Long-term Liabilities Owner's Equity
2014 s 185,682.00 $ 45,500.00 $ 3,580.00 $ 6,762.00 $ 50,000.00 $ 172,474.00
2015 $ 204,527.00 $ 43,243.00 $ 3,520.00 $ 7,653.00 $ 50,000.00 $ 196,318.00
2016 $ 219,289.00 $ 40,840.00 $ 3,726.00 $ 8,258.00 $ 40,000.00 $ 220,797.00
2017 $ 248,718.00 $ 38,419.00 $ 4,011.00 $ 9,133.00 $ 40,000.00 $ 239,576.00
2018 $ 264,792.00 $ 35,854.00 $ 4,030.00 $ 9,839.00 $ 30,000.00 $ 253,852.00
2019 $ 282,148.00 $ 33,181.00 $ 4,088.00 $ 10,585.00 $ 30,000.00 $ 282,688.00

Task_2: Find the daily paper and take down the meta information of papers on 1st March,
2024 in the opened . pptx file. Please conform to the format and complete others.

Hugging Face - The A

e C = huggingface.co

% Hugglng Face

D D

bl

]

The Al community
building the future.

e 6

SheetAgent
specialize in
sheet processing

Isof | grep '.xIsx’

WebAgent
specialize in
web browsing

SildeAgent
specialize in
slide editing

1. Generalist Agent: lack of specialized abilities.

ws_new = wh.create_sheet(title=sheet_name)
ws_new.append(headers), wb.save(file_path)

[ S he required data |

' N\
for row in range(2, ws_original. max_row + 1):

year = ws_original.cell(arg).value,...

ws_new.append([year, ...])

Different specialist agents are required to
collaborate system-wide tasks

Step 1: Click daily papers to browsing
Step 2: Filter results by choosinglst March
Step 3: Extract info for selecting papers

subtask complete l message passing

Step 1: Install package and locate .pptx file
Step 2: load content for current .pptx file
Step 3: Write info into corresponding file
Step 4: Save and overwrite the original file

2. Specialized Agent: Unable to generalize to system-level tasks.
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I
From APPStore to AgentStore:

wlu B 80F - | ¢

\Cad - -@OEBOEE
hulu@ %) shop V) 4 E,gwg‘ Ig{%‘ :

1=/oL P LE i

Build an open and scalable platform for dynamically integrating
various computer-using agents.
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AgentStore

Limitations:cannot handle GUI operations, cannot
perform tasks outside capabilities of the openpyxl...

Demostation 1: Add a column to e
calculate the profit margin assuming === ...
a fixed percentage on 'Total' sales. =E

More demostations

AgentEnroll y

H

<agent_n-1>

agent
document

\ <agent_n> )/

agent token

\ Task_1:1 w sheet with 4 head "Yi "CA ch: "FA ch d "OA ch 7
Il — voca b c:lsculatent:enaennf:afihanges fo::h:’:urreeanrt Assetsc Fai:::sAssets ca::gmeshe: :ssets c‘;l::\gness ; M etaAg en t \
l b [ I I —
- - A gent word — T e T ies o oy E] MetaAgent as
Sheet  Silde ~ Web  Image token Rl
k Agent Agent Agent Agent Pool ) Mlas  deemess  sasece s 3200 300 30000.00 ﬁ
) -+ concat <agent 0> routing E @)  execute
Name: SheetAgent self- G =N = H H vt ———> Q
Applications: Terminal, LibreOffice Calc instruct [] |—| [ =
T <agent_0>
BT 5 NeE 8 . e I alnmg Task_2: Find the daily paper and take down the meta information of papers on 1st March,
Capabllltles: specxahzes 1n Cr eatmg and modlfymg 2024 in the opened .pptx file. Please conform to the format and complete others. @ MetaAgent as
spreadsheets using Python's openpyxl library,...
—p <agent 1> Manager

<agent_1> H <agent_n-1>

Dol g

=g

Y

similar to the functionality of the App store.
2. We introduce a novel MLLM-based MetaAgent with AgentToken strategy, to select the most

suitable agent(s) to complete tasks.

AgentStore allows users to quickly integrate their own specialized agents into the platform,

Page 90




I
AgentStore

" = )
¢ i® 0. AgentPool: The set of all available agents
== T S in AgentStore.
Sheet Silde Web Image Ag ent g
Agent  Agent Agent Agent  Pool
Documents for agents 1. Register new agents in a standardized format.
Name: SheetAgent 2. includes: functionality, limitations, application
Applications: Terminal, LibreOffice Calc scenarios. ..
Capabilities: specializes in creating and modifying 3. Defineasa = {(alr d1)(a2, dz); (an; dn)}

spreadsheets using Python's openpyxl library,...

Limitations:cannot handle GUI operations, cannot

perform tasks outside capabilities of the openpyxl...
Demostation_1: Add a column to === Agent Documentation
calculate the profit margin assuming @~ .~
a fixed percentage on 'Total' sales. |
...... More demostations

20 desktop agents and 10 mobile agents, each specialized
for tasks on their respective platforms.

Page 91



Specialized agents in AgentStore

Table 6: The presentation of agents in the AgentPool. GUIL vs CLI Single-Modal vs Multi-Modal
CLI or Single or Open or Close Domain Support
GUI? Multi Modal? Base Model?  for OSworld Extension?
OSAgent GUI Multi Close oS v
Friday (Wu et al., 2024) CLI Single Close oS v
SheetAgent CLI Single Close Calc X
CalcAgent GUI Multi Close Calc v
SlideAgent CLI Single Close Impress X
ImPressAgent GUI Multi Close Impress v
Word Agent CLI Slngle Close Writer X Open vs Close Extension vs No-Extension
WriterAgent GUI Multi Close Writer v
VLCAgent GUI Multi Close VLC v
MailAgent GUI Multi Close TB v
ChromeAgent GUI Multi Close Chrome v
WebAgent (He et al., 2024)  GUI Multi Close Chrome X
VSAgent GUI Multi Open VSC X
VSGUIAgent CLI Single Close VSC v
GimpAgent GUI Multi Close GIMP v
ImageAgent CLI Single Open GIMP v
Searcher CLI Single Close - X
GoogleDrive CLI Single Close - X
CoderAgent CLI Single Open - X
VisionAgent CLI Multi Open - X

LLM/CLI-based model + LVM/GUI-based model
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I
AgentStore

~

Task_1: In a new sheet with 4 headers "Year", "CA changes", "FA changes", and "OA changes",

[voca b D:D:l caluﬁate the annual changes for the Current Assets, Fixed Assets, and Other Assets columns. M et aA g e nt

AgentToken: Each agent is registered by
Q) Meaees adding a token to the MetaAgent Vocab.

~u
- )| execute Q

self- = concat <agent_0> H =
instruct ([ ] [ T | @ﬂ 0 & H H H

ini <agent_0>
tralnlng g — Task_2: Find the daily paper and take down the meta information of papers on 1st March, M
2024 in the opened .pptx file. Please conform to the format and complete others. E] eta.Agent as

g» gent > | E— | Menzec MetaAgent: Acts as an efficient router,
ol ——
&)

execute . .
T ~ predlctl.ng. the most }.)r.obable next t.o.ken
 passing by maximizing conditional probability.

E [TTT1 <agent_1> [] <agent_n-1> x
agent \_Sagentn> @ l5am D H H 5 ‘@ execute, Qj

\document agent token

Once the agent token is predicted, decoding stops, and the
corresponding Computer-using agent is called to execute the task.
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Performance
Rank Model
1 AgentStore (AgentToken)
Agent Base | Success Rate (%) Shanghai Al Lab
OS* Calc Impress Writer VLC TB Chrome VSC GIMP AVG Shanghal Allkab, 24
CogAgent GogVLM 1.60 2.17 0.00 435 6.53 000 217 0.00 000 1.32 2 Aoent W/ GPT-0
Simular Research
MMAgent GPT-40 1444 426 681 870 950 6.67 1522 3043 0.00 11.21 St Rescare 1
CRADLE GPT-40 8.00 0.00 4.65 870 6.53 000 870 0.00 38.46 7.81 ; e ——
Friday* GPT-40 1520 2550 0.0 21.73 0.00 0.00 000 17.39 1538 11.11 Simular Researh
Open-Inter* GPT-40 12.80 12.76 0.00 13.04 0.00 0.00 0.00 17.39 15.38 8.94 Simular Research, ‘24
AgentStore(GT) Hybrid 20.00 36.17 10.63 47.83 47.06 40.00 34.78 47.82 38.46 29.54 4 AgentStore (Fine-Tuning)
AgentStore(ICL) Hybrid  9.60 0.00 2.13 434 3529 3333 3043 3043 1538 13.55 e
AgentStore(FT)  Hybrid 8.80 27.65 4.26 13.04 41.17 40.00 34.78 8.60 15.38 17.34 ‘
. 5 AgentStore (In-Context Learning)
AgentStore(AT) ~ Hybrid 13.86 31.91 851 39.13 47.06 40.00 32.61 39.13 30.77 23.85 S
Shanghai Al Lab, '24
AgentStore achieved a success rate of 23.85% on highly challenging 6 P4 Vison
 Var 20,2024

OSWorld benchmark. (Claude 3.5 Sonnet: 22%) iz 2t OpenAl

OpenAl, '23
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Step1: click(filters_x, filters_y)
# Click on \"Manage message filters\"

Step2: click(new_x, new_y)
# Click on \"New...\" to create a new filter

Task-2 : In a new sheet with "Year", "CA changes", "FA changes", and "OA changes",
calculate the annual changes for the Current, Fixed, and Other Assets columns.

Iy Year Current Assets Fixed Assets Other Assets
2014 5 5,50

,682.00 $ B X $ 3,580.00
2015 $ 204,527.00 $ 43,243.00 $ 3,520.00
2016 $ 219,289.00 $ 40,840.00 s 3,726.0q
2017 $ 248,718.00 $ 38,419.00 $ 4,011.0
2018 $ 264,792.00 $ 35,854.00 $ 4,030.0
2019 $ 282,148.00 $ 33,181.00 s 4,088.00
D ‘
SheetAgent

I
1
- - I
init_state I
I
Step 1: install and locate :

!

[pip install openpyxl && Isof | grep '.xlsx’ ]

[Successfully install openpyxI

1
/home/user/SmallBalanceSheet.xlIsx }

e b A 28 H-E- AR BEF Q-
Bru-A-d-==x3= 7EL = e.g8

CA crnwanngA cHangoOA changes

é : 10.15% -4.96% -1.68%

, 7.22% -5.56%  5.85%
. 13.42% -5.93%  7.65%
. 6.46% -6.68%  0.47%
e - 2019  6.55% -7.46%  1.44%

Pl Step 2: create new sheet and headers
/

from openpyxl import load_workbook
file_path = ‘/home/user/... Sheet.xlsx’
load_workbook(file_path),sheet_name = ...

wh.create_sheet(title=sheet_name)
heads= ["Year", "CA changes", ...,]
ws_new.append(headers),wb.save(file_path)

S [# Successfully r.an ]
CLI-Interaction

Step 3: insert table for the required data

ﬁ)m openpyxl import load_workbook \
original = load_workbook(file_path).activate

for row in range(2, original. max_row+1):
ca_current = original.cell(row).value
if row>2:
ca_previous =original.cell(row-1).value

Step3: typewrite('Forward to Gmail’) ... click(choose
_x,choose_y) ...typewrite('anonymx2024@gmail.com’) #Ensure the filter is enabled and close the window

ca_change =(ca_current-ca_previous)
@.save(ﬁle _path) # Save the workbook

{# Successfully execute ]

Step4: click(1424, 629), click(close_x, close_y)

Task-3: Could you assist me in boosting the contrast of my photo in the desktop
and then insert it into the opening document at the point of the cursor ?

f Step 1:install and locate

Image
Agent

I | apt-get install -y imagemagick
" | && Is ~/Desktop/

Successfully install imagemagick F——]
' {~/Desktop/ berries.png

~

[convert ~/Desktop/berries.png -contrast — ]

contrast ~/Desktop/berries_contrast.png
N\

Wrifer - - ‘[# Successfully execute ] |>_|
Agent

classes.
2. Select the term
) N

u wish to view and select the Continue button.
,,,,,, B

T nedienea P —~
b BIE-s KA i s cPNT l J'
N @ViewingYou [ass Schedule and Tex S h
\

Your\sqmure can be displayed in a list view or in a calendar view.

Navigating to Your Schedule

Your current heg"‘edule will be displayed in the Class Schedule Section
on the Student Hor e,Qase

1. Selecting the Monhnmn@spla 2

classes. .

2. Select the term you wish to view aRd

information about the —

e Continue button.

Figure 1: A student’s schedule dispiayed In lst view

Step 2: hotkey(“ctrl”, “v”)

1: A student’s schedue dispe

Step 3: hotkey(“ctrl”, “s”)



I
Summary of Multi-Agents

1. Multi-agent integration can rapidly advance computer-using capabilities.

2. Greatly facilitates generalization to new domains.

3. Plug-and-play design, enabled by carefully cratted AgentTokens, allows for fast @ .
integration. PIAE (AgentStore)

Next Steps?

Exploring the deep value of computer-using agents: from general-purpose scenarios
to specialized professional applications.
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Backgrounds

Al4Research is a highly popular concept.

J, Idea « Significance
Mining - Assessment

&7 Theory % Experiment

Related Work
Retrieval

@ Overview Report | i o
! = Generation —_— w
: Al for Academic Survey

|

? - |
Full-Automatic Discovery )
|

'l
i o{f¥= Semi-Automatic
! Academic Writing
! Full-Automatic
i Academic Writing
{al for Sc1ent1.ﬁc Good mT AT for Academic Peer |
| Comprehension Paper!! | g\“" @ Rev1ew1ng i
i =) Textual Scientific O E
| @@ Comprehension } E QE |
(= 4 g 2E b A ? | & |
! 22" Table & Chart m m 5-7% e- In- Post- i
i Comprehension R Rev1ew Review || Review | !
' eviewer Discussion d
Al for Scientific Comprehension Al for Scientific Discovery Al for Academic Peer Reviewing
©)] © ©) R
°) © »
Al for Academic Survey Al for Academic Writing
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Backgrounds: Pastoral Age

BioASQ-QA (Nature 2023)

* Designed for biomedical question answering
¢ Annually expanded with new questions and answers.

* Available on Zenodo in JSON format.

MoleculeQA (ArXiv 2024)

¢ Evaluate Factual Accuracy in Molecular Comprehension
* 62K QA Pairs across 23K molecules
*  MCQ problems (training set available)

e Textual-based

e sisee s IASUNIN Proteome

S Proprotein convertase subtilisin/kexin type 9 ciiical 1

“*Syndromec- Therapeutics -

xercise Alzheimer’s disease Alpha—synuclem' R Fanconi 8“€m'aDNA dC'
DNA Glucose-6-phosphate 1-dehydrogenase ...
aneeThyrold Hormone Receptorgole
Genome Thyroxine dlseasehlﬁ/t\onte tHe% 't

istones O dulin paabas ationTuberin

- Gene Sknzymes21SEASE Shamartin

Proteomics ‘Cancer ‘

Fig. 4 Most frequent topics in the BioASQ questions.

Figure 4: An overview of MoleculeQA topics distribution.
Four coarse-grained aspects occupy the inner circle, and in the

[18] BioASQ-QA: A manually curated corpus for Biomedical Question Answering, Krithara et al, Nature 2023 outer circle we list finer-grained non-leaf topics.
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Backgrounds: Contemporary Era

/

A lot of “Al Research” systems have been built... \

Background Inspiration Idea :@:
Context Retrieval Generation &
Problems, “Given [context],
The AI Scientist: Towards Fully Automated motivations, - -a [new ideal],
Open-Ended Scientific Discovery focus points... A Vs. prior work..."
f:hris Lulvzr*, C.ong Lu®*", Robert Tjal.'ko .Langell*, Jakob- l’oe_rs&erzv.*f Jeff Clu:?e:‘v"’sv* and Pavid Halt ? ‘ t
A}iqél}?;igu:]‘zt:::;::;\’ﬂ;s::a“a Al 2FLAIR, University of Oxford, 3University of British Columbia, 4Vector Institute, 5Canada CIFAR : I t t .
o ~ erative
Prior Literature E ~ Novelty (2
i T o e
{(Background_i, idea_i)} Boosting &&

SCIMON 4 : Scientific Inspiration Machines Optimized for Novelty

Qingyun Wang!, Doug Downey?, Heng Ji', Tom Hope??
! University of Illinois at Urbana-Champaign ? Allen Institute for Artificial Intelligence (AI2)
3 The Hebrew University of Jerusalem
{tomh, doug}@allenai.org, {gingyun4,hengji}@illinois.edu

(A) Scientific Knowledge Sources

Paper: Language Models are Few-Shot Learners
(...) Here we show that scaling up language models greatly
improves task-agnostic, few-shot performance, sometimes
even reaching (...). Specifically, we train GPT-3, (...)

Academic Graph

ResearchAgent: Iterative Research Idea Generation
over Scientific Literature with Large Language Models E TN KR

Entity A Entity B Occurrence

Jinheon Baek! Sujay Kumar Jauhar? Silviu Cucerzan? Sung Ju Hwang'? e Goex =

KAIST! Microsoft Research? DeepAuto.ai®
{jinheon.baek, sjhwang82}@kaist.ac.kr {sjauhar, silviu}@microsoft.com Q_, | 4—GPT-3 CoT 17,326

Research Ideas:

Problem @{_’ Method _» Experimen

AR Automated Peer Reviewing in Paper SEA: Standardization, Evaluation,

and Analysis
Jianxiang Yu®*, Zichen Ding®*, Jiaqi Tan”, Kangyang Luo”, Zhenmin Weng?, Identification Development Desi gn
Chenghua Gong”, Long Zeng®, Renjing Cui”, Chengcheng Han", Academic Graph: - S — — > —
Qiushi Sun®, Zhiyong Wu®, Yunshi Lan”, Xiang Li”* RLHF, Physics NN T—— dback@ ____________

¥ East China Normal University, Shanghai, China
¢ Shanghai AI Laboratory, Shanghai, China
sea.ecnu@gmail.com
https://ecnu-sea.github.io/

Knowledge Store:
CoT

W ===
—— E
ST, : Human
Reviewing Agents :umz:-lnduced Judgements
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I
Thinking

Traditionally, Al acted as an “analyzer,” helping with idea thinking data
analysis, writing, and visualization.

With Computer-using agents, Al can be evolved into an “executor”
capable of directly operating scientific software via GUI or CLlI,

Moving beyond QA to actively performing research tasks!

From Digital Agents to AI Co-Scientists
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: ScienceBoard: Evaluating Multimodal Autonomous
Agents in Realistic Scientific Workflows

6“'=

2

Qiushi Sun, Zhoumianze Liu, Chang Ma, Zichen Ding, Fangzhi Xu, Zhangyue Yin, Haiteng Zhao,
Zhenyu Wu, Kanzhi Cheng, Zhaoyang Liu, Jianing Wang, Qintong Li, Xiangru Tang, Tianbao Xie,

Xiachong Feng, Xiang Li, Ben Kao, Wenhai Wang, Biqing Qi, Lingpeng Kong, Zhiyong Wu

LISniRigl -
AR
- N7 -

7% ICLR 2026
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Use Cases

Instruction: Predict the protein structure for the amino acid

Chimerax 20 ¢

Eile Edit Select Actions

Foyorites _Presets _Help

3 P Medicalimage = Markers  Right Mouse
i\ Jorder structure ﬁ Hide stick sphere Ball white Black Simple Soft Full Inspect
File, " cons Styles Background Lighting selection
— Log a®
[ Startup Messages |
T
phareid note| bundle cache has not been initialized yet|
\ -
AlphaFold Error P UCSE Chmner ey P, S S | ) -
ESMFold © 2016-2024 Regents of the University of California. All ights’
ESMFold Error Plot reserved.
ools Model Loops
v/ Command Line Interface | vodelier comparative set byColor white
Vi Log
VI Models
v Toolbar ‘
Get started
Models %
Name 1D d £ Close *
jde
Command: -

Welcome to Chimerax

Stepl: Toggle the widget of AlphaFold.

Home | Molecule Display | Nucleotides | Graphics | Map Medicalimage | Markers Right Mouse
oo °Q
mERD & BV JTI ST SO L
Open Recent Save Snapshot Spin Show Hide Show Hide Stick Sphere Ball White Black Simple Soft Full Inspect
movie stick
File Images Atoms _ Cartoons styles Background Lighting _ Selection
Log aw
How to cite UCSF ChimeraX E
AlphaFold Run L =
- . {IphaFold
* © alphafold21_predict_colabip.. & sematotmpomgs o (g g o
L - Fle_Edi ‘View ‘Insert ‘Runtime; Took Help SADRGDITINNESGHLIVNTAILSGDIVTLRGGEIRLV
- L2 d_ CopytoDrive e M 8
O i it visk — 5(2022) if you use these predictions
- von@w Fold prediction
A O sequences: wﬂsnmmssmnan *
- DIT IVNTAILSGDIVTL
@ Show code Fold prediction
I >
] \ o
3 0 - % Close *
[} Hide
i a %
Ay sructure preciction
2025-03-03 04:22:53,458 alphafold2 ptn model 3 seed 53.7 p° i q
2025-03-03 04:22:53,794 alphafold2 ptn model 3 seed 1 slm\larsE’uﬂntheAlyhaFﬂlddakﬂbaseusmg BLAST.
%3 2025-03-03 04:22:54,130 alphafold2 ptn model 3 seed PLODT=5d.4 p  Pputea new s using AlphaFold on Google servers.
2025-03-03 04:22:54,465 alphafold2 ptn model 3 seed 520 omplocscnicrsefggessgbaraied by commas
2025-03-03 04:22:54,465 alphafold2 ptn model 3 seed 000 took 1.35 (3 recycies) [
= Predicted aligned error
» Exccuting (2m ) <cllne: 0> > run_predicion() > un() > predict_structure) > predict() > run()

sequence of 'M

Chimerax o x

Eile Edit Select Actions Iools Fayorites Presets Help

command:

Welcome to ChimeraX

Step2: Input the given sequence and call
out AlphaFold for structure prediction.

GND..." via AlphaFold in ChimeraX.

Colored 354 atoms, 0 surfaces, 48 residues, and rings.

Step3: Wait until the prediction finished.

Chimerax 20¢
FEile Edit Select Actions Jools Fayorites Presets Help
Home  Molecule Display ~ Nucleotides ~Graphics Map = Medicalimage ~ Markers Right Mouse
;. p F e
Sshow Sshow Oshow  J @ o . & o B < F B ¥
K g stick Sphere Ball Plain  heteroatom chain polymer rainbow electrostatic hydrophobic b-factor nucleotide H-bonds Hide ~Sequence Interfaces
SHide  SHide  CHide e i
Atoms _ Cartoons _Surfaces styles Coloring Analysis
~ =
[note[available bundle cache has not been initialized yet
'UCSF ChimeraX version: 1.9 (2024-12-11)
© 2016-2024 Regents of the University of California. All rights
\_, Teserves
How to cite UCSF ChimeraX
< \ ‘set bgColor white
open
‘himeraX/Al iction_1/best
Chain information for best_model.pdb #1
Chain_ | Description
A | No description available
Computing secondary structure
color byhetero
color bychain
color bypolymer
rainbow
Models o
Name D ® % Close *|
best_modelpdb, CR BT e
v
Command: -
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Use Cases

Instruction: Show planets' orbits of Solar System in Celestia.

fmg| B

Step1: Select the Sol and click 'Goto'in ~ Step2: Slide the mouse wheel to move Step3: Click to show orbits of planets.
contect menu. the camera away from Sol.
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™.
ScienceBoard

To reach such automation, a playground integrating

1. Scientific software
2. Evaluators

[s essential, a highly non-trivial endeavor!
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. ESESES—S—S—_——e
ScienceBoard Infra

Software @ Environment (Virtual Machine)
Screenshot Al
OL .. . = | VMManager
X E" = ZE€22 I“ @ 8
< X Install ﬁ GrassGIS
M - B 1 - “ Celestia
New w n @ ',‘ == ChimeraX
> Set of Mark
APP .
o 4 M
Q: ie O EQ MONITOR | | STATES
Evaluator ! Obs || Action  gyii@y
init ()i !true o | R !
R — = i | I X rask @
Files % Vi 'y Complete
% Config = --==--- -> init() rF-> predict() =-> eval() r--f---- =
Files  Setup - o Task @
52 Env. N
s~~ <"/
Agent

The first multimodal agent evaluation environment designed
for scientific tasks, real interactions, and automatic assessment
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ScienceBoard Evaluation

State-based evaluation

Initial State Instruction Evaluation Script (Simplified)
Select all water molecules and {
draw their centroids with radius of "type":"info", "key":"sell",
1A in ChimeraX. "value":["atom id #!1/A:201@0 idatm_type 03"
n T n ’]
3,35 §

"type":"states",

"find":"lambda k,v:k.endswith(’._name’)",
"key":"lambda k:’..._atoms_drawing’",
"value":"[[13.0012 1.7766 21.3672 1.]1"

Display and ONLY display the layer "type":"info",
of "boundary_region’ in Grass GIS. "key":"lambda dump:len(dump[’layers’])",
"value":1
},{"type":"info"
"key":"lambda dump:dump[’layers’][0] [’name’]",
"value":"boundary_region@PERMANENT"

}
{
Set the Julian date to 2400000 in "type":"info",
Celestia. "key":"simTime",
"value" :2400000,
"pred":"lambda left, right:abs(left-right) < 1",
}
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ScienceBoard Benchmark

Task Type Statistics
Total Tasks 169 (100%)
- GUI 38 (22.5%)
- CLI 33 (19.5%)
- GUI + CLI 98 (58.0%)
Difficulty

- Easy 91 (53.8%)
- Medium 48 (28.4%)
- Hard 28 (16.6%)
- Open Problems 2 (1.2%)
Instructions

Avg. Length of Task Instructions 20.0
Avg. Length of Agentic Prompt 374.9
Execution

Avg. Steps 9.0
Avg. Time Consumption 124(s)

B
(o] % 5 &
[2) @
% z & &,
8 2 2 ) A
& % 2 < S
%, %, a A
@ 2 T
Q)O % 2 »
0, o o e
S, 0‘—\9 Q,Vd
ey oeo‘“
ae/ys,'s o -
L4, e Mge
Data Iy, > 331;,4, \,e% olo
. %) O pure Math
Struct. Prediction .
eXStudi Figure Editing
ings S (8.9q, 10
sic Set ool o} z
6\ o A ayout
o 2% P
O) ~ e sy,
S R ey,
o 2 2, S8,
o AT o o 96
o %
< & = 5y
& o 3 2 3
g § = S %
& S = *5‘/&
& = =) 9.
Q = g g,
5 g .
&G = X
.S
5
-]
-4

Evaluate autonomous computer-
using agents in realistic scientific

workflows.

Tasks require complex tool usage,
scientific reasoning, and multi-step
GUI/CLI operations
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Use Cases

Instruction: Show planets' orbits of Solar System in Celestia.

,,,,,,,,,,,,,

Step1: Select the Sol and click 'Goto' in Step2: Slide the mouse wheel to move Step3: Click to show orbits of planets.
contect menu. the camera away from Sol.
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U Se C ases Display constellations with their boundries in Celestia.

I see the current state of Celestia, where the Earth is being displayed in
the main view. The task is to display constellations with their

boundaries in Celestia.

Looking at the accessibility tree, I can see there are several checkboxes
including "C" which likely stands for Constellations and "B" which
T m likely stands for Boundaries. These checkboxes are located in the main
7 toolbar and need to be checked to display the constellations and their

: - boundaries.

Currently, neither the constellations nor their boundaries are visible in
the screenshot. I need to click on both the "C" checkbox and "B"
checkbox to enable these features.

(5] ..
=
al
&
<
L
A

“python
import pyautogui
import time

# Click on the "C" checkbox to enable constellations
pyautogui.click(570, 93)
time.sleep(0.5)

2 s
6489 Golevka

o P A N # Click on the "B" checkbox to enable constellation boundaries
pyautogui.click(594, 93)
time.sleep(0.5)

# Zoom out a bit to get a better view of the constellations
pyautogui.press(minus')

time.sleep(0.5)

pyautogui.press(minus')
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Use Cases

Looking at the screenshot, I can see that my previous action to click on "C"
(Constellation) and "B" (Boundary) checkboxes worked correctly. I can see
constellation lines displayed around the Earth (the blue lines showing the
constellation patterns), and I can also see the boundary lines (the red/pink
lines showing constellation boundaries).

To get a better view of the constellations and their boundaries, I should
zoom out more and move away from Earth to see the full night sky. This
will give a clearer view of all the constellations.

“python import pyautogui import time

# Zoom out more to get a better view of the sky
pyautogui.press('minus’)

time.sleep(0.5)

pyautogui.press('minus’)

time.sleep(0.5)

pyautogui.press('minus’)

time.sleep(0.5)

HE
=k
] -
¥
3
o
5
a

# Use the right arrow key to rotate away from Earth
pyautogui.keyDown('right’)

: time.sleep(2)

BRIl <o o Celestial . pyautogui.keyUp('right’)

# Move slightly upward to get a better view of the sky
pyautogui.keyDown('up’)

time.sleep(1)

pyautogui.keyUp(‘up') "
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Evaluation

Proprietary Models @ *

Opensource LLM / VLMs @ \\((,/; InferﬂVL

GUI Action Models X

[21] Navigating the Digital World as Humans Do: Universal Visual Grounding for GUI Agents
[22] UI-TARS: Pioneering Automated GUI Interaction with Native Agents
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Evaluation: General Setting

Table 3: Success rates on SCIENCEBOARD. We present the performance of each agent back-
bone across different scientific domains under various observation settings. Proprietary Models ,
Open-Source VLMs / LLMs , and GUI Action Model are distinguished by color.

Success Rate (1)
Algebra Biochem GIS ATP Astron Doc  Overall
GPT-40 3.23% 0.00% 0.00% 0.00% 0.00% 6.25% 1.58%

Claude-3.7-Sonnet 9.67% 37.93% 2.94% 0.00% 6.06% 6.25% 10.48%
Gemini-2.0-Flash 6.45% 3.45% 2.94% 0.00% 0.00% 6.06% 3.15%

Observations Model

Overall success rate remains low (avg. ~15%)

Screenshot
Qwen25-VL-72B  2258% 27.59%  5.88% 0.00% 9.09% 12.50% 12.94%
InternVL3-78B 645%  345%  000% 0.00% 0.00% 625% 2.69%
ULTARS-157B  1290% 1379%  0.00% 0.00% 6.06% 0.00% 2.69%
. . GPT-40 1290% 2069%  294% 0.00% 6.06% 0.00% 7.10%
Performance varies among domains Claude-3.7-Sonnet 19.35%  34.48%  2.94% 3.85% 12.12% 0.00% 12.12%
aliytree  Gemini-2.0-Flash 9.68%  1724%  0.00% 0.00% 0.00% 000% 449%
03-mini 16.13%  2069%  294% 3.85% 1515% 625% 10.84%
Qwen25-VL-72B  9.68%  1034%  294% 0.00% 3.03% 0.00% 4.33%
InternVL3-78B 323%  345%  000% 0.00% 000% 0.00% 1.11%
Best results achieved with combined GPT-40 2258% 37.93%  294% 7.69% 3.03% 12.50% 14.45%
) Serconshoy | Claude-3.7-Somnet 1290%  4137%  8.82% 3.85% 9.09%  18.75% 15.79%
Screenshot + al 1ytree settlng ballytree  Gemini-2.0-Flash 16.13% 24.14%  294% 000% 18.18% 12.50% 12.32%
Qwen25-VL-72B  16.13%  20.69%  2.94% 0.00% 18.18% 12.50% 11.74%
InternVL3-78B 645%  345%  000% 0.00% 3.03% 625% 3.20%
GPT-40 645%  345%  000% 0.00% 3.03% 12.50% 4.24%
Claude-3.7-Sonnet 16.13%  31.03%  588% 0.00% 6.06% 12.50% 11.93%
SetofMark  Gemini-2.0-Flash 323%  0.00%  000% 000% 3.03% 625% 2.09%
Qwen25-VL-72B  645%  690%  294% 0.00% 3.03% 12.50% 6.36%
QVQ-72B-Preview  0.00%  0.00%  294% 0.00% 3.03% 0.00% 0.49%
InternVL3-78B 323%  690%  294% 0.00% 0.00% 0.00% 2.18%
Human Performance 7419% 68.97%  55.88% 42.31% 51.52% 68.75% 60.27%
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Evaluation: Modular Setting

GPT-40 as the planner + GUI model
Clear performance improvement (up to ~20% SR)

Separating planning and action offers a promising

direction!

Table 4: Success rates of different VLM agent combinations under the planner + grounding model
setting on SCIENCEBOARD. The observation setting used in this experiment is screenshot. Colors

denote Proprietary Models , Open-Source VLMs and GUI Action Models.

Planner Grounding Model Success Rate (T)

Algebra Biochem GIS Astron Overall

OS-Atlas-Pro-7B  6.25% 10.34% 0.00% 3.03% 4.92%

UGround-V1-7B  0.00% 3.45% 0.00% 3.03% 1.62%
GPT-4o0 Qwen2.5-VL-72B  12.50%  34.48% 11.76%  9.09% 16.96%

UI-TARS-72B 3.23% 10.34% 5.88% 6.06% 6.38%
GUI-Actor-7B 21.88% 44.83% 2.94% 12.12% 20.44%

GPT-40 3.23% 0.00% 0.00% 0.00% 0.81%

Next step: stronger multi-agent system + domain knowledge?
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S
Leaderboard

e N N N

Screenshot ‘ ‘ Ally Tree Screenshot + Ally Tree

Set of Marks ]

O.. Settings % Acc ¥ % Alg % Biochem % GIS % ATP % Astron % Doc
Calude-3.7-Sonnet w/ screenshot... 15.79 12.90 41.37 8.82 3.85 9.09 18.75
(&) GPT-40 (2024-08-06) w/ screensh... 14.45 22.58 37.93 2.94 7.69 3.03 12.50
&) GPT-40 (2024-08-06) w/ set_of m... 14.45 6.45 3.45 0.00 0.00 3.03 12.50
G}, Qwen2.5-VL-72B w/ screenshot 12.94 22.58 27.59 5.88 0.00 9.09 12.50
< Gemini-2.0-Flash w/ screenshot+a... 12.32 16.13 24.14 2.94 0.00 18.18 12.50
Calude-3.7-Sonnet w/ ally_tree 12.12 19.35 34.48 2.94 3.85 12.12 0.00
Calude-3.7-Sonnet w/ set_of marks 11.93 16.13 31.03 5.88 0.00 6.06 12.50
{v; Qwen2.5-VL-72B w/ screenshot+a... 11.74 16.13 20.69 2.94 0.00 18.18 12.50
(6} 03-mini (2025-01-31) w/ ally_tree 10.84 16.13 20.69 2.94 3.85 15.15 6.25
Calude-3.7-Sonnet w/ screenshot 10.48 9.67 37.93 2.94 0.00 6.06 6.25
G} GPT-40 (2024-08-06) w/ ally_tree 7.10 12.90 20.69 2.94 0.00 0.00 6.06
{3; Qwen2.5-VL-72B w/ set_of_marks 6.36 6.45 6.90 2.94 0.00 3.03 12.50
X UI-TARS-1.5 w/ screenshot 5.92 12.90 13.79 0.00 0.00 6.06 0.00
§ Gemini-2.0-Flash w/ ally_tree 4.49 9.68 17.24 0.00 0.00 0.00 0.00
{; Qwen2.5-VL-72B w/ ally_tree 4.33 9.68 10.34 2.94 0.00 3.03 0.00
InternVL3-78B w/ screenshot+all... 3.20 6.45 3.45 0.00 0.00 3.03 6.25
D S Gemini-2.0-Flash w/ screenshot 3.15 6.45 3.45 2.94 0.00 0.00 6.06

https://giushisun.github.io/ScienceBoard-Home/ Page 14
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ScienceBoard

Evaluating Multimodal Autonomous Agents
in Realistic Scientific Workflows

Introducing ScienceBoard, a first-of-its-kind evaluation platform for multimodal agents

in scientific workflows. ScienceBoard is characterized by the following core features:
@l Pioneering Application: ScienceBoard is the first to bring computer-using agents into the
domain of scientific discovery, enabling autonomous research assistants across disciplines.

Realistic Environment: We provide a dynamic, visually grounded virtual environment integrated
gy with professional scientific software, supporting both GUI and CLI interaction in real-time
workflows.

([TF] Challenging Benchmark: A new benchmark of 169 rigorously validated tasks across 6 core
domains is introduced, capturing real-world challenges.

|[]["] Comprehensive Evaluations: We presents systematic evaluations across a wide range of agents
powered by LLMs, VLMs, and GUI action models.

m
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I
Safety Concerns

Agent safety research is behind agent deployment!




OS-Sentinel: Towards Safety-Enhanced Mobile GUI
Agents via Hybrid Validation in Realistic Workflows

Qiushi Sun*, Mukai Li*, Zhoumianze Liu*, Zhihui Xie*, Fangzhi Xu, Zhangyue Yin, Kanzhi Cheng,
Zehao Li, Zichen Ding, Qi Liu, Zhiyong Wu , Zhuosheng Zhang, Ben Kao, Lingpeng Kong

ACL 2026
SAN DIEGO ury 2-7

Page 117



I
Safety Issues

Mobile GUI Agents

Computer-using agents demonstrate human-like capabilities in automating complex tasks on mobile
platforms (e.g., booking, messaging, scheduling).

Significant Safety Concerns!

This autonomy also introduces severe, underexplored risks:

1. Privacy Violations: Leaking sensitive personal data.

2. Offensive Content: Sending inappropriate messages or memes.

3. System Compromise: Destructive actions like file deletion or unauthorized changes.

4.
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I
Safety Issues

I%' User Instruction

Share today’s' meeting schedule with the group and
send a sticker to check if participants are available or

Key Challenge: The Detection Gap have questions.

n& Agent Trajectory

Even benign user instructions can trigger unsafe agent
trajectories.

Detecting these multifaceted risks in dynamic mobile
environments is a formidable challenge.

We lack:

1. Realistic, comprehensive environment.

&H %" #

2. Robust + lightweight detection frameworks that go gﬂwsitm g the Psychiatry clinic... "G *Inappropriate meme

nd simple rules or generic models. , .
beyo ds ple ruies or generic odels Privacy Violation Offensive Contents
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I
Infra for Safety Research

. . . Instructions
MobileRisk-Live T J
. . ) ) Android g
A dynamic Android sandbox environment for live agent New Apps  Emulator
interaction and evaluation.
: © W | agen
Key Feature: Captures not only GUI observations ; qL c @
oy 1 > ActlonC DTra].
(screenshots, allytree) but also a deep System State Trace. o A @ Q
............ R Safety
System State Trace includes: file operations, network oY state  Detector
activity, permission changes, and installed packages. b@f\ / trace

@ MobileRisk-Live

This enables us to leverage the full virtual machine information for satety research.
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Infra + Benchmark for Safety Research

MobileRisk

A static benchmark of "frozen" agent trajectories collected from MobileRisk-Live.

Provides fine-grained, multi-level annotations:

1. Trajectory-level (Safe/Unsafe)

2. Step-level (Localization of first unsafe step)

3. Risk Category (10 types, e.g., Privacy, Destructive)
Enables reproducible and isolated study of safety issues.

w
Instructions 2
5 : < z &
A/ Instructions Y g &
Android g ‘ % =
New Apps  Emulator v .
! o 'S 5 ANe
: e Abygg %%;@ De’ ro
J Al § @ D Agent =
------ > Live — Screenshot & AllyTree
B 2¢O o
A Trajectories Jjanc® G Harpyy,
= T ction j. g 2% 1 C
- L @ 9 C DTra] §>§> . System State Trace J ot %o Ontey,
S S <
i & %
------------ . Safety DY Action | & < %
Detector & & %
(Y | state i . & g %
qa—“/ trace Q¢ Safety Annotations | & : :,
EEEEE S

fesiaed o
t‘, MobileRisk-Live MobileRisk ;@.5, Page 121



S
Android

Android Apps

Android Framework

In previous safety detection works (e.g., VLM as a Judge): We

. . . . System API
mainly focused on multimodal information. =

Android API

Device

Manufacturer App: Privileged Apps

From the VM side:

We haven't fully utilized the information beneath Android apps
there’s a wealth of runtime data and APIs that can greatly support
safety research.

System Services

Android Runtime

Native Daemons
and Libraries

From the agent side:
We often ignore the GUI agent’s actions.

Linux Kernel
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S
0OS-Sentinel

Core Idea: A Hybrid Validation Approach

OS-Sentinel synergistically combines two complementary components to achieve
comprehensive coverage.

Hybrid Architecture:

Formal Verifier (Rule-Based), analyzes deterministic, system-level changes.
Contextual Judge (VLM-Based), assesses semantic, context-dependent risks.

Final Verdict
Verdict_Unsafe = Formal_Verifier v Contextual_Judge
(A trajectory is flagged as unsafe if either component detects a risk)
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. ESESES—S—S—_——e
OS-Sentinel: Formal Verifier

Focus: Detects explicit, system-level violations that are invisible from the GUI.
Input: System State Trace

Detection Mechanisms:
1. System State Integrity Monitoring
1. Computes hashes of file system metadata at each step.
2. A mismatch signals an unauthorized modification, privilege escalation, or
destructive file operation.
2. Sensitive Keyword & Pattern Matching

1. Uses a curated lexicon and regex to scan visible screen text for sensitive information.
2. Detects leakage of: Passwords, Credit Card Numbers, PII, etc.

Strength: Provides a rigorous, auditable, and deterministic safety baseline.

Page 124



. ESESES—S—S—_——e
OS-Sentinel: Formal Verifier

Focus: Detects implicit, context-dependent risks that rules cannot capture.
Input: GUI Observations (Screenshots / allytree) & Agent Actions

Detection Mechanism:
A VLM-powered judge performs semantic analysis of the agent's behavior in context.

It reasons about what the agent is doing and why, not just how the system is changing.

Risks Captured:

1. Privacy Violations: e.g., Agent sharing sensitive bank info in a chat.

2. Harmful/Offensive Content: e.g., Agent sending an inappropriate meme (as in Fig. 1).
3. Inappropriate Ul Manipulation.

4.

Actions that are contextually unsafe but do not violate system files.
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S
0OS-Sentinel

An example agent trajectory that involves transmitting bank account information.

SO ceee
Action: =Sl
Swipe Up
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S
0OS-Sentinel

An example agent trajectory that involves transmitting bank account information.

System API

O -

2908 System Services
D ceee Qoysiem Ser

coe- Bt android Ruime

Action:

Swipe Up ; 2 j e i
e L@ > A9, State Traces
; i
P Contextual Formal
Judge Verifier

&:> c Safe <::D
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0OS-Sentinel

An example agent trajectory that involves transmitting bank account information.

System API

E;;M:' ! - 0 Android API
Dgs e System Services

P R Y ST 22

WS

Act.ion: e P ... Action: Action:
SwipeUp ~ _ _° ~ ! CLICK (698,528) State T Type (“...") % State T
Sbbon e AW, State Traces , ate lraces
——— 4 State Traces :
| | 1 i i i
P Contextual Formal P Contextual Formal P Contextual Formal
Judge Verifier =~ e »  Judge Verifier =~ > Judge Verifier
History History
Q O Safe <::D Q Q Safe c:D b A Unsafe <2:D
e Step-level * o Step-level ° o Step-level
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0OS-Sentinel

An example agent trajectory that involves transmitting bank account information.

System API

S gy e
c@0e .

— = = System Services

s sy st Sex 3 >

cO00@ ™ VAndroid Runtime . T
-~ == 4T Action: Action: S G

i " CLICK (698,528) Type (“...")
4, State Traces

O ®
00 ¢
® + i

- A State Traces

AW State Traces

€ ——————
<
€ ——————
—————
€ ——————

v
i _, Contextual Formal i , Contextual Formal i Contextual Formal
Judge Verifier =~ e > Judge Verifier =~ +  Judge Verifier
History History & Unsafe
Q Q Safe <::D Q 0 Safe c:D &> & Unsafe <::D
° Step-level ® o Step-level ® o Step-level ®— Traj-level —o
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0OS-Sentinel

Good results :)

Traj-Level (Consecutive) Traj-Level (Sampled)

Method Observation  Step-Level

Acc F1 Acc F1
Rule-based Evaluators - 19.8 54.5 52.7 53.8 574
gpt-oss-120B
LLM-as-a-Judge allytree 27.3 57.4 56.3 51.0 41.9
OS-Sentinel allytree 27.6 58.3 65.3 56.9 62.1
Qwen2.5-VL-7B-Instruct
VLM-as-a-Judge Screenshots 25.9 56.4 54.8 56.9 48.2
OS-Sentinel Screenshots 26.1 57.4 65.6 60.3 66.1
GPT-40
VLM-as-a-Judge Screenshots 23.5 60.8 56.0 56.9 40.5
OS-Sentinel Screenshots 23.3 60.8 66.1 60.8 64.9
GPT-40 mini
VLM-as-a-Judge Screenshots 12.5 57.8 36.8 56.9 333
OS-Sentinel Screenshots 20.6 61.8 63.9 59.3 614
Claude-3.7-Sonnet
VLM-as-a-Judge Screenshots 19.6 58.3 56.9 59.3 52.0
OS-Sentinel Screenshots 22.2 61.3 66.9 62.3 67.0
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Future

We are just standing at the dawn of a long journey!

Holistic Evaluation? 2{}&{}
Agent Safety?
Efficiency?
Physical world? €8

91 B =



Holistic Evaluation

The development of computer-using agents has been rapidly
advancing, yet systematic evaluation remains underexplored.

Generalization

Scope :
'©  General-Propose Model
@  Action Model
* - Agentic Model
s3 epT High Value Area ¢ g ramonon
General Claude
A Commercial Product
Qwen2.5-VL
UI-TARS
0S-Atlas r &
3 oscaAR @ Agents2
o Aguis g .’AutoGLM
$2 A AppAgent MobileAgent
Medium Microsoft ® ®
@ Copilot = ; 0S-Genesis
SeeClick CogAgent . AgentStore
. OS-Copilot
Pix2Act &
S1 WebAgent PC-Agent A
Narrow A A . GitHub
Cortana'S L SheetCopilot Copilot
, Automation
Level
L1 L2 L3 L4 L5
Execution Planning Adaptation Orchestration Proactivity

OS-MAP: How Far Can Computer Use Agents Go in Breadth and Depth?
Preprint / WUCA @ ‘g IEML 2025

Machine Learming

Stay tuned!
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I
Efficiency

Although computer-using agents can accomplish many tasks, efficiency
remains a critical concern.

Two main aspects:
1. Training efficiency: Heavy reliance on massive data (data hungry)
2. Inference etficiency: High latency during real-time execution



I
Connection to the Physical World

How can computer-using agents achieve embodiment?

1. Robotic arms?

2. Exoskeletons?
3. ...
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S
Future

We are just standing at the dawn of a long journey!

.. : ey
Holistic Evaluation? g1y
Agent SantY? qﬂﬁﬁgi;“(gs-G.e;esis) Elﬂiﬁﬁi%.u';;”(”soc.i;;c;goard)

:
Efficiency?
Physical world? €8

(SeeClick) R (OS-ATLAS)

D

R

91 B =

IR (AgentStore) Page 13
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Thanks for listening

Contact: qiushisun@connect.hku.hk



