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1. Background of Computer Use Agents

2. Building GUI Agent Data with OS-Genesis

3. Future Directions and Early Attempts



Partl | Computer Use Agents



I .1 LA
Computer Use Agents

The Feasibility of Jarvis Al from Marvel in Real Life

Page 4

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



Computer Use Agents

Once out of reach, but we are turning it into reality.




it e
Computer Use Agents

Both academia and industry are building computer use agents

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

22 Oct 2024 - 5 minread

|3

Claude Computer Use

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



I .1 LA
Computer Use Agents

Both academia and industry are building computer use agents

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.

Go to Operator 2

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

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

begin. @ Tripadvisor Q Discover  Trips R

@5 Rome Hotels ThingstoDo Restowronts Fiights VocotionRentols Cruises RentolCors  Forums

- [sersmim)
Navigating to TripAdvisor website Rome: Colosseum, Roman Forum and Palatine Hill
Selecting "Things to Do" category L
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

OpenAlI Operator
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[3] Introducing Operator: A research preview of an agent that can use its own browser to perform tasks for you., Jan 23, 2025



I .1 LA
Computer Use Agents

They are quite promising for achieving Digital Automation.

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

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



Recap: Language Agents

Text Input —>—> Text Output

Language Models



Recap: Language Agents

Text Input —>—> Text Output

Language Models

Percepts |
Q- - @

Actions
LLM-based Agents

But this is not enough.



I .1 LA
Computer Use 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.



Best Way to build Computer Use Agents

Behavioral Cloning / Imitation Learning.

g A

Sounds good, but where is our data?




it e
Data Scarcity

a Alexandr Wang € Bl @alexandr wang - Jan 24
“F Aninterview today where | talk about how it relates to the US/China race

Data curation is much more and DeepSeek’s score:
expensive than you think. (> IR, E
| —— .',. ' . (

Take Scale Al as an example.

Not to mention 3 Bl U.S-CHINA Al ARMS RACE
scenario/domain - specific data. Y

Scale Al CEO Alexandr Wang on U.S.-China Al race: We need to unleash U.S. e...

¢

From cnbc.com

Q 48 11 87 Q 279 i1 56K N &
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[4] https://x.com/alexandr_wang



it e
Data Scarcity

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.



it e
Data Scarcity

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

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



Part2 | Building GUI Agent Data with OS-Genesis
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GUI Trajectory Data

The best data format of 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 |2 il

High-level Instruction

Mark the 'Avocado Toast with Egg’ recipe as a

tfavorite in the Broccoli app.

.

0/ @00  EEEEEE00 w00  Pwoo

...... Beef Stir Fry

&

&

o

({’ Environment State _

BBQ Chicken Quesadillas

Butternut Squash Soup

Caprese Salad Skewers

P Caulifower Fred "Rit°
e
History Current
o/
\/

- 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. )

D

Next

A

' Action ™~

CLICK [Avocado
Toast with Egg]

(698, 528)
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 \

Interact




Dynamic Environments

POUL . dX:00 dv:0.0 Xv:0.0 Yv:0.0 -Sﬂe %o POUY . dX:00 dv:0.0 Xv:0.0 Yv:0.0 -Sﬂe %o
= Search contacts : g8 Q_ Search contacts & places 9 :

Now you can find Settings and Help &
feedback here

Call your favorite contacts
with just one tap

Add a favorite

+ =

a 2 * ® 2 o
Contacts Fix & manage Favorites Recents Contacts Voicemail

Page 21

[5]1 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

Z  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 Produicts

Page 22

[6] WebArena: A Realistic Web Environment for Building Autonomous Agents, ICLR 2024



Reverse Task Synthesis

Retroactively interpreting changes in the GUI environment caused by
actions.

[ Screenshots & Actions ]

- - 4

CLICK
(540, 1317)




Reverse Task Synthesis

Retroactively interpreting changes in the GUI environment caused by

actions.

Screenshots & Actions

One Stop Market

BestySPeonsiCare  fporadOutdsors  Clothing Shoes jewiry  MemeBNichen  OffcePreducts  Toohd

Pate Lown b Garten  Hocremics - Coll Panes b Ackemsores Voo Games  Grocery

One Stop Market

One Stop Market

TYPE
[organic green tea]

BestybPersonsiCare  SportabOutdeors  Clothing Shomsjewery  MemeBKichan  OffcePredocts  Toah & Home Improvement

Page 24




it e
Reverse Task Synthesis

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

r Screenshots & Actions ] [Low-level Instructions ]

-

-

CLICK
(540, 1317)

———————

[organic green tea]

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

Low: Type 'organic
green tea' and press
Enter to view search
results.

The data we synthesized:

1. Grounded

2. Actionable

Page 25



it e
Reverse Task Synthesis

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

Screenshots & Actions ] [ Low-level Instructions ] [ High-level Instruction ]
4 . Event @5 Hi .
CLICK Low: Click the 'Event’ &¢ High: In Simple Calendar Pro, create a
(540, 1317) button to start adding *°_ new event titled 'Team Meeting' scheduled
"""" > : a new event to the for October 15, 2023, at 10:00 AM. Save the
L calendar. event after filling in the details.
Low: Type 'organic ©o High: Search for 'organic green tea’ and
B s [ B - green tea' and press _) filter the results to show only products
S TYPE . Enter to view search under the 'Health & Household' category,
9 [organic green tea] ) results. sorted by price from lowest to highest.

Page 26



it e
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.

Low: I need to first SsZ} Low: Click on Avocado = Low: Click “Mark
open the Broccoli- " oo | Toast with Egg to view as favorite” option.

Recipe App. i’ more details.

Action: ¢ | Action: Action:

OpenApp (“Broccoli”)  © ° CLICK (698,528) o CLICK (912,201) °
———— < <

~ - ~. -
~~~~~~~~~~~~~
~~~~~~~~~~~~~
__________________________________

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

Low: I need to first | Low: Select the e | Low: Click
open the Simple specific event e | “Save” button.
Calendar Pro. “Review session for] -
Action: Annual Report”. - .

crom: <ol Action: Action:
OpenApp (“Simple S CLICK (77, 596) ~— ¢ CLICK (658, 211)
Calendar Pro”) ? ! A ‘

— e -

xxxxxx
~~~~~~~~~~~~~~~~~~~~
______________________________

o000 000 Pagez7



it e
Reverse Task Synthesis

Trajectories collected! But is this all?

Let's consider data quality and synthesis etficiency.

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

High-level Instruction 1a
m R — E— Mark the 'Avocado Toast with Egg' recipe as a
Low: I need to first B Low: Click on Avocado == Low: Click “Mark —— favorite in the Broccoli app.
open the Broccoli- j weee. | Toast with Egg to view as favorite”option.
Recipe App. ; more details. @Envimnment State @ +
> e
LA 4] Action: & Action: Action:
OpenApp (“Broccoli”) ¢ = CLICK (698,528) o CLICK (912,201) o
~~~~~~ i pS .,di \~.._._‘_ ".’i :
High: Set a reminder for the 'Review session for Annual Report' scheduled on e 0
October 18th in Simple Calendar Pro and save the changes. — ol [
: [ iisidiwt O EC— Hisfory ~ CWrent Next
Low: I need to first Low: Select the Low: Click v A
open the Simple : specific event s | “Save” button. : - Vv A "
Calendar Pro. ( “Review session for | - ( Low-level Instruction Action
: = Annual Report”. ( e
g::;zipp (“Simple LT Action: F Action: L’Ifﬁ%;‘;dt‘f;xﬁiff g&ﬁs » )
BRGhDOE o ¢/ CLICK (658, 211 and find the option to mark it
Calendar Pro”) - . CLICK (77, 596) ( ) as a favorite. (“§>
.. b N—

.
~ -
- - -
****************
...............
_______________________________

Page 28



I .1 LA
Data Quality Control

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

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 .1 LA
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.

Low: I need to first 4 Low: Click on Avocado = Low: Click “Mark

open the Broccoli- ‘:' - Toast with Egg to view |- as favorite”option.

Recipe App. ) more details.

Action: ¢ Action: Action:

OpenApp (“Broccoli”) | ¢ = CLICK (698,528) o CLICK (912,201)
<« <

~ SN ~ -
S - ~ - ~ -
~ - ~ - ~~. .-
Se e —— S~ — S——a _———

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

od Low: I need to first ] Low: Select the _ Low: Click ] @ l: gé \

open the Simple : : specific event e | “Save” button. :
Calendar Pro. = “Review session for @‘?LII.'ZT E — Reward
. E Annual Report”. v— ( — 3/5
FX-X=] Action: . Action: —
o coeroon Action: ction.
XXX] OpenApp (“Simple Slil) CLICK (77, 596) ==~ CLICK (658, 211) (Task In.comp lete,
- Calendar Pro”) oi- e — | But Trajectory Valuable)
B AN ~ A

~
~ - ~, -
S .o -— Ssao — Seeo "
- - - - ~ -
—— ———— ~— —_—— == _——
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Models
Data Synthesis

GPT-40
@ Qwen-VL Owen2-VL-72B-Instruct

Backbones

\\((l/, InfernV L Internvi2-4B/8B

@ Qwen-VL 0Owen2-VL-7B-Instruct



I .1 LA
Training Strategies

Leverage trajectory characteristics to train GUI agents with complete capabilities

1. Planning Training High-level Low-level

Li=-) log (pe(f | 5, hi, ¢) po(a | s,h?;,c,f))
t;, €T

2. Action Training
Input Actions History

Ly=- ) logps(a|s,c,e)
t,eT



I .1 LA
Training Strategies

After Training, our agents will generate ReACT-5tyle 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}

Page 33



I
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

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



I .1 LA
Experiments: Mobile

AndroidControl-High AndroidControl-Low

Base Model Strategies AndroidWorld
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
0S-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 90.82 39.36 58.28 71.57 89.73
OS-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

Page 35



I .1 LA
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 5.00 498
InternVL2-4B
Task-Driven w. Self Instruct 5.36 351 000 952 7.50 5.81
0OS-Genesis 10.71 702 3.13 794 750 7.88
Zero-Shot 0.00 0.00 0.00 0.00 0.00 0.00
Task-Driven 3.57 7.02 0.00 6.35 250 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 4.84 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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Analysis

How Scaling Trajectory Data Improves Agentic Ability?

[ Qwen2VL-7B InternVL2-4B InternVL2-8B
20

18
16
14
12

10

Success Rate (%)

(=T A - -]

0 100 200 500

# Trajectories

Insight: Generally improves, but will saturate.

.//.

1000

1500
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I .1 LA
Analysis

How Far are we from Human Data?

Let’s first take a look at high-level instructions.

[ ] Task-Driven Self-Instruct [ ] Task-Driven Self-Instruct
0S-Genesis [ | Human 0S-Genesis [ | Human
80 100
70
80
60
50 60
40
30 40
20 20
10
0 0
High-Level Low-Level High-Level Low-Level

Insight: Reverse Task Synthesis Elicits Better Executability.
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I .1 LA
Analysis

How Far are we from Human Data?

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

[ Task-Driven Self-Instruct [ ] Task-Driven Self-Instruct
OS-Genesis [ | Human 0S-Genesis [ | Human
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 |_‘ 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 [F1OS-Genesis Bl Human

Inst. (Mobile)

Traj. (Mobile)

Inst. (Web)

Traj. (Web)

0.70

0.75

0.1

0.0

—0.11

Task-Driven

e t'
,;{'.:E:;.-‘_.: “y
PRIRL A 2
. .s ] "‘_
-0.1 0.0 0.1

0.1

0.01 "

Self—In_struct

.
-

.
)
* .

L]
e
-

'.
Ry
..ﬂ,.'

4t e B3
* %%

e
Sy

.':J:i.

P X

-3

o d, S, oW
R A ]
'.“

0.1

OS-Genesis

0.11 L

‘\:‘:54_?'.&&?

o ,,_:g.:w.--: : %
0.0 Sy Iy
o KRR

'3_‘ ﬁ-\il'. ..,‘

L ) ':n .

* . )

—0.11 T

—-0.1 0.0 0.1

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

Available on %+~ ModelScope

OS-Copilot =

XTFEM

HAMG

O

BRINEIERECHEAR RiEtIER

EUHXE EAIRE s

= EE 13

OS-Genesis-7B-WA
0OS-Copilot/OS-Genesis-7B8-WA

=\ Transformers, Safetensors%3ME42

& OS-Copilot

0OS-Genesis-8B-AC
OS-Copilot/OS-Genesis-8B-AC

() PyTorch, Transformers&3/ME42

& OS-Copilot

OS-Genesis-7B-AC

OS-Copilot/OS-Genesis-7B8-AC

rU ko ] ~ Transformers, Safetensors& 3 MEZR

& OS-Copilot

0OS-Genesis-4B-AW
OS-Copilot/OS-Genesis-4B-AW

() PyTorch, Transformers%3MEZ2

& OS-Copilot

BiEE 4 = gI=E 0 = @EME O
qwen2_vl £ FERHIN: apache-2.0
2025.01.09 BEH L 241 OO0

internvi_chat S FRIMY: apache-2.0

2025.01.09 & 4 285

qwen2_vl O FFEMHN: apache-2.0

2025.01.08 & L 287

internvi_chat £ FRRHY: apache-2.0

2025.01.08 | L 242

Q0

1

Q0

0OS-Genesis-7B-AW
OS-Copilot/OS-Genesis-7B-AW

% Transformers, Safetensors%3MEZR  qwen2_vl

8 0S-Copilot

OS-Genesis-4B-AC
0OS-Copilot/OS-Genesis-4B-AC

() PyTorch, Transformers& 31 #E%2 internvl_chat

& OS-Copilot

OS-Genesis-8B-WA

0OS-Copilot/OS-Genesis-8B-WA

() PyTorch, Transformers&3MEZ2 internvl_chat

8 0S-Copilot

OS-Genesis-8B-AW
OS-Copilot/OS-Genesis-8B-AW

() PyTorch, Transformers%3/MEZ  internvl_chat

& OS-Copilot

WILEH 1

£ FRY: apache-2.0
2025.01.09 ®F L 235 OO0

O FRY: apache-2.0
2025.01.09 ®# + 279 OO0

© FEMIN: apache-2.0
2025.01.08 EH + 239 Q0

O FERHMY: apache-2.0
2025.01.08 i L+ 245 OO0
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Checkpoints & Data Access

Available on %+~ ModelScope

#--3 modelScope BT OERE MBS 8=E AGCEX Xt #E v O GitHub

<¥] OS-Genesis-8B-AC

BENE BB RiRRR

HARENAEANIES, SBREEETFE, REERTFABEINRENR? SHAFHRE

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

Synthesis
= Homepage] [MCode] [ Paper] [&Models][&Data]
Overview
N\
) Environments Exploration Space

i

e ¥ £ T Interact
b= (& —— ,} Record || pr—

- T R
iy ©°0°0O :

mobile

[ Screenshots & Actions } [Low-level Instructions] [ High-level Instruction ]

O & Q EReEMEnnES x}.f

Notebook{RIEFF & O BN + MASE

,‘ AHERIE OS-Copilot #Bfft s>

EEED 4713 HUERO B

ta WEZAE BIEER >

0S-Copilot/OS-Atlas-Pro-78

2025.01.03 ¥ 406 QO

0S-Copilot/OS-Atlas-Base-4B

2025.01.03 ¥ 338 QO

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

2025.01.08 v 33 Q1

0OS-Copilot/OS-Atlas-Pro-4B

2025.01.03 ¥ 332 OO0

e.g., https://www.modelscope.cn/models/OS-Copilot/OS-Genesis-8B-AC
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https://www.modelscope.cn/models/OS-Copilot/OS-Genesis-8B-AC

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

‘é? instructions from observed interactions and state changes, enabling the construction of

diverse and executable trajectories without pre-defined tasks.

({F Trajectory Data: We construct and release high-quality mobile and web trajectories to f ! S R T S [\ s 'ﬁammnﬂﬂﬂunnﬂﬂﬂ”@ >

accelerate GUI agents research.
UI][] Performance: OS-Genesis significantly outperforms other synthesis methods on i h” e/ T ; g

benchmarks like AndroidWorld and WebArena.

lushisun.github.io/OS-Genesis-Home/ Page 44



https://qiushisun.github.io/OS-Genesis-Home/

Part3 | Future Directions and Early Attempts



We are just standing at the dawn of a long journey

There is still so much to do, such as:

1. Better action models

2. More advanced agent scheduling algorithms
3. Stronger planning capabilities
4

Safety, robustness and efficiency of agents

Let's look at some examples.




We are just standing at the dawn of a long journey

1. Better action models



i SeeClick: Harnessing GUI Grounding for Advanced
Visual GUI Agents

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




GUI Agents depend on structured text face inherent
limitations:

Instruction: Download the e-receipt with the last name Smith and

) Environment
confirmation number X123456989. S "%
<form element_id="200"> @ Text-based agent’s next action é\@ /’)0

<label element _id="205">Last Name:</label>

Element: <element_id=206> Action Agent Observation
<input type="text" name="lastname" element .
1NN Action: CLICK
_id="206">
# Selenium Code O(/ &
f =" it =n int" element = driver.find_element(By.XPATH (0 '(\Q
<input type="submit" value="Get Receipt" element -Hind_| Y ’ (74 N\
_id="210"> '//*[@element_id="206"]’) LLM
Simplified HTML Code element.click()

 Structured text representation is not always available (e.g. i0OS and
Desktop platform)

 Structured texts are inconsistent, with different representations across
different platform (e.g., HTML, XLM , Accessibility Tree, ...)

Page 49



Our contribution:

GUI Grounding Pre-training: We applied GUI grounding continual pre-training
to Qwen-VL to develop SeeClick

An intuitive manner to perform element localization

2005 NISSAN ELGRAND HWS
PREMIUM NAVI EDITION
™ out.orsTocK

The first large-scale web grounding dataset

ATy,

CHal

O

Mobile Ul Related

D Widget Captioning Ul Summarization
Mobile Ul Grounding

Web Ul Related
=3 < e

Next action: click (0.49, 0.40)

[ & Large Vision-Language Model (LVLM) }

Vision
Encoder
(ViT)

4 = WebOCR Web Ul Grounding T I ge"></a></div.
Vision-Language Instruction: utton>E N Jbutton
General VL Data Adapter ] “\iew the new album ofJony " </;g/|: class="product-share”>...</div>
A VOA Visual Reasoning st </div>
__________________________________ - e Figure 3: Example of two types of elements automati-
(a) Overview of SeeClick‘s framework and GUI grounding pre-training. cally collected from the webpage.

Page 50



ScreenSpot:

14:50 & ) 10570 e 202701 T, D 69
« f Instruction: See more
< Settings Battery options for Dark Mode
. _Source: Mobile (Android)
DlSpl{1 Type: Text
-

Battery Percentage

Low Power Mode i

/
/
Battery Health & Charging Serice
/
/
/
Last 24 Hours ;.s' R Light mode 7~ Dark mode
Last Charg T'U’W - h o 8 //
nstruction: open the /
Tﬂ low power mode rs:::: Uis Bk ,/
I Source: Mobile (i0S) R )
Type: Icon/Widget g : :
M T ype: o/ W88 /| More Dark mode options !
ll|||n|| H“Hl‘l'lﬂlm ’|I1I m“HIIIIHIIIlumnuimﬂwmm
| | 711

(b) Examples of the proposed GUI grounding benchmark ScreenSpot.

"

B I Uva

sert  Draw Design Layout References
Arial v BA A A A"l
=

Mailings

' T

Review View Q) Tell me

‘ T

Edit pictures without leaving Word

) 408words (K English (United States)

£ Focu

o IEH ®

+ 00

a . Manage
File Home Share View Recycle Bin Tools
g -
o

Empty Recycle Bin  Restore Restore the
Recycle Bin properties  all tems selected item

Manage Restore

& Downloads .

%] Documents *
-

& Pictures Instruction: Switch to
1225 OneDrive path
D Music Source: Desktop (Windows)

B videos \_ Type: Text

- 4 |

| @ OneDrive 34——7— R
- 3D Objects
I Desktop
< Documents
4 Downloads
d Music

& Pictures

- XS
2items

A Specialized GUI Grounding Benchmark

4] 8] 21
#1460 ” ™
( Instruction: Create a new
[ open O 1ssue created 1 year ago by 3§ Byte Blaze merge request
‘ Source: Web (Development)
Link to WCAG 2.1 instead of 2.0%_TYPe: Text

Discussed in https://github.com/allyproject/allyproject.com/discyissions/1459

Originaly posted by robinmetral August 10, 2022 Can we link to the WCAG 2.1 website instéad of WCAG 2.07 I'm
not sure if this is consistent throughout the site, but I'm seeing it on e.g. the checklist lirks to success
criteria. For instance, users are sent to 3.1.5 Reading Level (WCAG 2.0) instead of 3.1.5 ‘«Mmu Level (WCAG
\
|

|
A4

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

,
}\

T s i & X, Drag your designs here or click to upload.
=k S
Tasks @0 Instruction: Likes on this JAdd
issue
No tasks are currently assigned. Use task: Source! Web ‘(Dev‘elo‘p‘ment)
Type: Icon/Widget )
Linked items () 0 = v Add

LVLMs

Model
Size

GUI

Mobile

Desktop

Web

Specific

Text Icon/Widget Text Icon/Widget Text Icon/Widget

Average

MiniGPT-v2
Qwen-VL
GPT-4V

7B
9.6B

8.4%
9.5%
22.6%

6.6%
4.8%
24.5%

6.2%
5.7%
20.2%

2.9%
5.0%
11.8%

6.5%
3.5%
9.2%

3.4%
2.4%
8.8%

5.7%
52%
16.2%

Fuyu
CogAgent
SeeClick

8B
18B
9.6B

41.0%
67.0%
78.0%

AN

1.3%
24.0%
52.0%

33.0%
74.2%
72.2%

3.6%
20.0%
30.0%

33.9%
70.4%
55.7%

4.4%
28.6%
32.5%

19.5%
47.4%
53.4%
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.‘%3 ICLR 2025 Spotlight

‘s

OS-ATLAS: A Foundation Action Model For
Generalist GUI Agents

Zhiyong Wu'", Zhenyu Wu'2*, Fangzhi Xu'”, Yian Wang?", Qiushi Sun3, Chengyou Jia',
Kanzhi Cheng?, Zichen Ding', Liheng Chen3, Paul Pu Liang?, Yu Qiao’
1Shanghai Al Lab, 2Shanghai Jiaotong University, SUniversity of Hong Kong, 4MIT




Infrastructure and Data Synthesis

Desktop #Screenshots Open
_______________ \ Dataset Web Mobile Desktop Source #Elements
% Value 205 | SeeClick 270K 94K - v 33M
_____ ‘_L_ — Ferret-Ul - 124K X <M
| (407,681) | GUICourse 73K 9K i v 10.7M
""""""" CogAgent 400K - - X 70M
OS-Atlas 19M 285K 54K v 13.58M

1. The first multi-platform GUI grounding data synthesis toolkit, including Windows,
MacOS, Linux, Android, and the Web.

2. Comprises over 2.3M distinct screenshots and more than 13 million GUI elements.
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Data Synthesis with Random Walk

GNU Image Manipulation Program

DuckTrack o x
Filters Windows Help

DuckTrack - crexport=downloadaid :
fgoogle.com/uc?ex winl + Finish update :
Stop Recardink 9009 * L 0% Ls
Stop Recording ¢ Pause Recording
Paustht(orﬂmg K 5 - Show Recordings
e ) Gmail  Image
ow Recordings N Play Latest Recording
Play Latest Recording Play Custom Recording
Play Custom Recording Replay Recording
Replay Recording Al e Quit
Quit - Natural Scrolling
Natural scrolling = o e
Q, Search Google of type a URI !
v] G y] o
Githiub Signin GitHub DuckTrack_R
9] O - +
Gitub mult Web Store Add shortcut
s
e main. 303 0] v &b
top-10-linux-commands-for-newbles.docx - LibreOffice writer
DuckTrack o x
Stop Recreding | Format § Tools Window X
Pause Recording stop Recyding B & % 165 @ E Ny
Show Recodngs Pause Recording a
= 5 Arial 1 = = A — K
ey Wome Insert Design  lawost  Relerences  adngs  Review  Vaew .  Share show Recordings 2 5 —
Play Custom Recordng Ptnd ~
Libession et <\ b0 + K A" Aa- Ay = [A] : 3 Play Latest Recording
f Repiace
X A-2-A-HQ|E 3 E Play Custom Recording .
Que =
font & Replay Recording
A
Quit
Natural scrolling -]

l"IHI!E modify my picture as follows:: thu’l;ogo:?““ﬂl (, LINUXSIMPLY 0

* This 15 a photo T took when [ went travelling last month. Now [ want 10 make 2 video clip about Top 10 Li nux Co m mands for Newbies

‘my tip and would like to shift this picture with different background.

4 Linux is & free and open-source operating system that has gained widsspread acceplance
over the years. 11 & exiensively used in a variety of domains, including servers, embedded I
systems, and personal computers. Leamning Linux can be inimidating for newbies, but its

actually not that difficult. The usage of commands is ane of the most important things to

master in Linux. with this aniclke ‘Top 10 Linux Commands for newbies’, get 1o explore the

world of Linux Commands, that every beginner Linuc user should know.

* 5o first | want to make the background of this picture transparent so that [ can have it with
different scennsios -

Table of Contents

Page | of Qwods [ List of Top 100 LINUX "]
Lk 1
2 ecd 2
3 pwd. ]
4 touch. 2
W O Type here a search B 7 @ - B RO 0P A ABCRTIE ~aOADURE o0 B s Pt 2161 words 12298 chracters Defaut Page Sl N = + 1003 Page 54




Two Stage Training

------------------ GUI Grounding Pretraining  Jietsietets

Web Desktop Mobile

_____________

n __ o_ i l- -

/| Value 20.3 | —A/E- Search Bar i

= 1 \
N 521731 |/~ Unified —

 (849,830) | (407,681) | .
"""""" i T g Basic Action Custom Action
E CLICK [[x, y1] LONG_PRESS [[x, y]]
>2M ScreenShots | | >13M Elements | | Diverse Platforms : SCROLL [Dir.]  ......
| —— ————————S— | \_ TYPE [Text SELECT [Ele.] y
OS-Atlas-Base ' OS-Atlas ]
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- i Search Bar i

Visual Grounding Performance =

A
| (452173) |
. Mobile Desktop Web

Grounding Models Text Icon/Widget Text Icon/Widget Text Icon/Widget Ave.
Fuyu 41.00 1.30 33.00 3.60 3390 4.40 19.50
CogAgent 67.00 2400 7420 20.00 70.40 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 8040 70.40 73.30
OS-Atlas-Base-4B | 85.71 5852 72.16 4571 82.61 63.11 70.13
OS-Atlas-Base-7B |193.04 7293 91.75 6286 90.87 7427 8247




We are just standing at the dawn of a long journey

2. More advanced agent scheduling algorithms



I .1 LA
Multi-Agent Algorithms

Published as a conference paper at COLM 2024

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

Qiushi Sun®" *Zhangyue Yin* Xiang Li* Zhiyong wu®’ Xipeng Qiu‘ Lingpeng Kongo
<>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

s —. —T—

d L = A = - B

(F) N @y By B ] PR 182

ﬁ : % = % E ; //’ ety

a2 E | | = N = 1 (9O
OYES 4 @MAYBE§ . RN 5 t! P L % ——————- &

N hy R/ ' E o .
----- e ese gt i
- e ) b > .
-------------- B';E'IS-’;“""""“ Review Retrieve

How about multi-agent + GUI Agents



AgentStore: Scalable Integration of
Heterogeneous Agents As Specialized
Generalist Computer Assistant

Chengyou Jia'2, Minnan Luo'”, Zhuohang Dang’, Qiushi Sun%3, Fangzhi Xu'-4,
Junlin Hu?, Tianbao Xie3 Zhiyong Wu?"
Xi'an Jiaotong University 2Shanghai Artificial Intellegence Laboratory 3The University of Hong Kong




I .1 LA
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. pip install openpyxl && Isof | grep 'xlsx’
-*4. A"*v(%ﬂ-iv AR EEE Q-0 B - s
u- -0 THE L= - B0 weg =2a20-0O0-0 8- -
e trhs o : = ws_new = wh.create_sheet(title=sheet_name)
Current As;ets Fixed Assets Other Asséts Assets Current Liabilities Long-term Liabilities Owner's nguity WS_“eW-aPPend(]leaderS), wb.save(file_path)
2014 % 185,682.00 $ 45,500.00 % 3,580.00 $ 6,762.00 $ 50,000.00 % 172,474.00
2015 % 204,527.00 s 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 ShectAgent
2017 % 248,718.00 $ 38,419.00 % 4,011.00 $ 9,133.00 $ 40,000.00 $ 239,576.00 tald 3 . L] .
2018 % 264,792.00 3 35,854.00 % 4,030.00 $ 9,839.00 $ 30,000.00 % 253,852.00 SpeCIahze n f(}]‘ row in range(Z, WS_O]'lgl]]Ell.]]laX_l'DW + 1)'
2019 $ 282,148.00 $ 33,181.00 % 4,088.00 S 10,585.00 $ 30,000.00 % 282,688.00 Sheet processing year = ws_original-ce“(arg)-val“e,. ..

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

Task_2: Find the daily paper and take down the meta information of papers on 1st March,

Different specialist agents are required to
2024 in the opened . pptx file. Please conform to the format and complete others.

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

WebAgent
specialize in
web browsing

subtask complete l message passing

Step 1: Install package and locate .pptx file

. e === Step 2: load content for current .pptx file
The Al community i1 i SildeAgent Step 3: Write info into corresponding file

buildlng the future. = = | sp.e(nah?ff n Step 4: Save and overwrite the original file
: § : —— slide editing

Generalist Agent: lack of specialized abilities.
Specialized Agent: Unable to generalize to system-level tasks.
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I .1 LA
From APPStore to AgentStore:

e 2

EOC"“"*«@ @ w8 &Q"W S -

lu: ® 53080 |

C Q@ .Oﬁ. ©f 1«71

@tshop«}}f, glg%.

mw“' iA ’Y‘f‘ ™

Build an open and scalable platform for dynamically
integrating various agents.



AgentStore

\ Task_1:1 w sheet with 4 headers "Year", "CA changes", "FA ch ", and "OA ch
[voca b c:Iscu—latent:en:nnz;:hanges fo::h:rzurr:nt Assm:, FaixzcelsAssets,caralgxgtshe::ssetsc;l::'\gness. MetaAg ent \
E B B 9 -
. = - =" id Agent word i () MetaAgent as
eet i €
Silde Image token aee Router

Agent Agent Agent Agent Pool
\_ ; & J

~\ If <+ concat ; - execute
Name: SheetAgent SCII- [ N 2 > a
Applications: Terminal, LibreOffice Calc instruct
.- <agent_0>
tr alnlng g — Task_2: Find the daily paper and take down the meta information of papers on 1st March,

Capabilities: specializes in cr eat'mg and modlfylng 2024 in the opened .pptx file. Please conform to the format and complete others. [3 MetaAgent as
spreadsheets using Python's openpyxl library,... .
Limitations:cannot handle GUI operations, cannot

perform tasks outside capabilities of the openpyxl...

— <agent_ 1>

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

<agent_n-1>

i —Bi(]

MOTSACRIDSAtions AgentEnroll ) \document  agent token

<agent_1> [ <agent_n-1>
Rnoaill o rf
1. Quickly integrate their own specialized agents into the platform, similar to the functionality of
the App store.

2. We introduce a novel MetaAgent with AgentToken strategy, to select the most suitable
agent(s) to complete tasks.
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Specialized agents in AgentStore

Table 6: The presentation of agents in the AgentPool.

CLI or Single or Open or Close Domain Support
GUI? Multi Modal?  Base Model?  for OSworld Extension?

oS Agel’lt GUI Multi Close oS Y GUI vs CLI Single-Modal vs Multi-Modal
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
WordAgent CLI Single Close Writer X
WriterAgent GUI Multi Close Writer v
VLCAgent GUI Multi Close VLC v
Mail Agent GUI Multi Close TB / Open vs Close Extension vs No-Extension
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

3% 1.1.M/CLI-based model + VLM/GUI-based model
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Performance
Success Rate (%)

Agent Base -

OS* Calc Impress Writer VLC TB Chrome VSC GIMP AVG
CogAgent GogVLM 160 2.17 000 435 653 0.00 217 0.00 0.00 1.32
MMAgent GPT-40 1444 426 6.81 870 9.50 6.67 1522 3043 0.00 11.21
CRADLE GPT-40 8.00 0.00 4.65 870 653 0.00 870 0.00 3846 7.81
Friday* GPT-40 1520 2550 0.00 21.73 0.00 0.00 0.00 17.39 1538 11.11
Open-Inter* GPT-40 12.80 12.76 0.00 13.04 0.00 0.00 0.00 17.39 15.38 8.94
AgentStore(GT)  Hybrid 20.00 36.17 10.63 47.83 47.06 40.00 34.78 47.82 38.46 29.54
AgentStore(ICL) Hybrid 9.60 0.00 2.13 434 3529 3333 3043 30.43 15.38 13.55
AgentStore(FT)  Hybrid 8.80 27.65 4.26 13.04 41.17 40.00 34.78 8.60 1538 17.34
AgentStore(AT)  Hybrid 13.86 3191 8.51 39.13 47.06 40.00 32.61 39.13 30.77 23.85

AgentStore achieved a success rate of 23.85% on highly challenging

OSWorld benchmark. (Claude 3.5 Sonnet: 22%)

Rank

Oct 24, 2024

Oct 11, 2024

Oct 11, 2024

Oct 24, 2024

Oct 24, 2024

Mar 20, 2024

Model

AgentStore (AgentToken)

Shanghai Al Lab
Shanghai Al Lab, 24

Agent S w/ GPT-40
Simular Research
Simular Research, 24

Agent S w/ Claude-3.5
Simular Research
Simular Research, 24

AgentStore (Fine-Tuning)

Shanghai Al Lab
Shanghai Al Lab, '24

AgentStore (In-Context Learning)
Shanghai Al Lab
Shanghai Al Lab, 24

GPT-4 Vision
OpenAl
OpenAl, 23
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We are just standing at the dawn of a long journey

3. Stronger planning capabilities

4. Safety, robustness and efficiency of agents

Stay tuned!
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SCHOOL OF
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DATA SCIENCE

The University of Hong Kong

EBAIERXLE R

Shanghai Artificial Intelligence Laboratory

Thanks for listening

Contact: qiushisun@connect.hku.hk



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66

