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01/ COMPUTER USE AGENTS

Computer Use Agents (CUASs)

CUAs observe rendered GUIs, execute actions, and checks what changed.

BROWSER DESKTOP MOBILE
)

—
Shop across pages Edit files across apps Navigate screens and gestures




01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS

Observe State —
Screenshot

input

input

\_

CUA MODEL

Reasoning + Action

\

act
—I >

)

INFRASTRUCTURE

Validate Action —
Execute

Actions change the state, a new screenshot observation is provided to the model.



01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS

input

“BUY A BLUE MUG”

input

/ CUA MODEL

center of the screen. |
will click it.”
{"mouse": {"left_click":

\[33, 2017}}

“l see a blue mug on the

\

)

act

INFRASTRUCTURE

Validate Action —
Execute




01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS

studio.shop / blue-mug
Blue mug

$18-Qty 1

input

“BUY A BLUE MUG”

input

/ CUA MODEL

“Delivery details are
below. | will scroll
down to find them.”

{"scroll": {"dy": 520}}

act
—

INFRASTRUCTURE

Validate Action —
Execute




01/ COMPUTER USE AGENTS

Observe, Reason, Act

“BUY A BLUE MUG”

input
ENVIRONMENT OBSERVATIONS / CUA MODEL
studio.shop / blue-mug ) “I See the ZIP fieldc
Delivery estimate input I will click it
Postal code to start typing.”
Enter ZIP code {"mouse": {"left_click":

\[65, 5311}

act
—

INFRASTRUCTURE

Validate Action —
Execute




01/ COMPUTER USE AGENTS

Observe, Reason, Act

“BUY A BLUE MUG”

input
ENVIRONMENT OBSERVATIONS / CUA MODEL
studio.shop / blue-mug " °
Delivery estimate input I WI" type the ZIp
ot cone — ™| code to check
(] ) delivery options.”
{"type_text": "15213"}

act
—

)

INFRASTRUCTURE

Validate Action —
Execute




01/ COMPUTER USE AGENTS

Observe, Reason, Act

STEP 1 STEP 2 STEP 3

o studio.shop / mugs < o studio.shop / blue-mug < o studio.shop / blue-mug
STUDIO / Everyday objects STUDIO / Everyday objects Delivery estimate
i) i) — Blue mug N Postal code cee
$18 - Quantity 1
Crr::m Blue mug Blue set 1 521 3

click the blue mug m type “15213"

The loop continues until task completion, then a reward is computed.

REWARD

1.0

Task success



01/ COMPUTER USE AGENTS

A Brief History of CUAs: Toy Environments

Learning to use greatly
simplified toy web

interfaces

2017-2022

MiniWoB: Shi et al., ICML 2017 - MiniWoB++: Liu et al., ICLR 2018 - WebShop: Yao et al., NeurlPS 2022

2022-2024

2025-2026

Tell Anita Il "Orci, sit magnis.” in

response to her email.

:
Alyson g
Cursus. :
Turpis molestie..

Katherine ;

Sollicitudin. -

Faucibus quam i..

Marlee 3

Rhoncus. '

Nisl. Sed. Quis..

Geralda ¥
Sep 2026


https://proceedings.mlr.press/v70/shi17a.html
https://stanfordnlp.github.io/wge/
https://arxiv.org/abs/2207.01206

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Toy Environments

% WebShop

Instruction:
i am looking for x-large, red color women faux fur
lined winter warm jacket coat, and price lower than
70.00 dollars

i
[ ot

Shopping with

real products and
language goals
2017-2022 2022-2024 2025-2026 Sep 2026

WebShop: Yao et al., NeurlIPS 2022 - Official environment demo


https://webshop-pnlp.github.io/

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Environments

From toy tasks
to realistic
web interfaces

2017-2022 2022-2024 2025-2026 Sep 2026

WebArena: Zhou et al., ICLR 2024 - VisualWebArena: Koh et al., ACL 2024


https://webarena.dev/og/
https://jykoh.com/vwa

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Environments

Full (realistic)
desktop workflows

N
Top 10
:Q Linux Gommanda §) LNUXSIMPLY
Top 10 L Commands for bies

i

4l "¢ -~Bas0xKxera

2017-2022 2022-2024 2025-2026 Sep 2026

OSWorld: Xie et al., NeurlIPS 2024 - Official overview video


https://osworld-v1.xlang.ai/

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Envs and Data

MYPCBENCH

Realistic apps with B
personal history T =

Explore mail, calendar events, ER =
and project issues in one o
shared world.

00 . 0Oo
(-}
£
{
i

2017-2022 2022-2024 2025-2026 Sep 2026

Jang et al., 2026 - MyPCBench - Recorded environment walkthrough (33 s)

R B S B 2k Tk <R AF =R 4h =k P 2l e el A
CEREERE SE AR OF dF F Ak B Ak B 2k B Ak R ok


https://mypcbench.com/

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Envs and Data

CUA-WORLD

Real software,
realistic tasks

Specialized desktop software
with loaded data and realistic
tasks. .

nnnnnnnnnnnnnnnn

2017-2022 2022-2024 2025-2026 Sep 2026

Aggarwal et al., 2026 - Gym-Anything / CUA-World


https://cmu-l3.github.io/gym-anything/

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Real World Use

® O

GPT-6 ASTRA

D P D

Very capable and fast,
still (very) expensive.

[ Y
B =
®o°
=
8

2017-2022 2022-2024 2025-2026 Sep 2026

Koh, Sep 2026 - What's the Point of Computer Use Agents? - OSWorld 2.0 SolveSpace demo (30x)


https://jykoh.com/blog/whats-the-point-of-computer-use-agents/

Benchmarks & Evaluation



02 / BENCHMARKS

What should count as success?

The same task can be evaluated in multiple different ways.

ACTION OUTCOME

Did it click the Is the right item in
target? the cart?

Fast grounding / imitation tests State checks or evidence judging

Evaluators should match the capability you want to measure.

PROCESS

Did it respect the
constraints?

No checkout; no unwanted
changes

17



02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

4 02A ) 028
Static evaluations End-to-end evaluations (web)
N Predict an action on a fixed observation. D Complete a task through browser interaction.
02¢C 02D
End-to-end evaluations Long horizon computer use

(desktop, mobile)

Complete tasks across apps and system state. Sustain progress through extended workflows.

Long horizon extends end-to-end evaluation across both web and desktop.

18



02A / STATIC EVALUATIONS

Static evals: Was this action correct?

Add a blue mug under $20 to the cart. Do not purchase.

SCREENSHOT

studio.shop / mugs

W

BENCHMARK EXAMPLES

ScreenSpot-Pro - Li et al., 2025
AITW - Rawles et al., 2023

REFERENCE RULE

(%, y) € target box

For recorded actions:
Match target, operation,
and input value.

A correct step is not a completed task.

Mind2Web - Deng et al., 2023
AndroidControl - Li et al., 2024

STEP SCORE

1.0

correct point / step

No environment rollout

27


https://arxiv.org/abs/2504.07981
https://github.com/OSU-NLP-Group/Mind2Web
https://arxiv.org/abs/2307.10088
https://arxiv.org/abs/2406.03679

02A / STATIC EVALUATIONS

ScreenSpot-Pro:

(a) Software categories and the number
of tasks.

2560 x 1440
(32.4%)

Others
(2.9%)

2560 x 1664
(3.0%)

3456 x 2160
1

3840 x 2160
17. (3.1%)

(17.0%) Resolutions
5120 x 1440
(3.9%)

5120 x 2880
(4.4%)

2880 x 1800
3840 x 1080 (5.2%)
(11.4%)
2160 x 1440

3456 x 2234 (6.4%)

(10.2%)

(b) Resolution distribution.

Creative

— osates-is
— OsAtesTs
— veraneTs
]
— SeCi-78
MACPM-V- 83
—— Caghgent-188
Quen2 W73
—— QwewLTS

Office T

(c) Results of representative GUI
Grounding models across 6 categories
of applications.

Grounding in professional Uls

1,581

screenshots

23

applications

3

operating systems

EVALUATION CRITERION

Point / region matching

High-resolution professional Uls make grounding a benchmark of its own.

Source: Li et al., 2025, Fig. 1

20


https://arxiv.org/abs/2504.07981

02A / STATIC EVALUATIONS

ScreenSpot-Pro: Grounding in professional Uls

Construct a UV sphere mesh.

SCREENSHOT / BLENDER GROUND TRUTH

2
a
a

2PORNULA

Box in original pixels
(417, 132)-(576, 152)

Point inside = 1
Original: 2560 x 1440

Lietal., 2025 - ScreenSpot-Pro, blender_windows_1 29


https://huggingface.co/datasets/likaixin/ScreenSpot-Pro

02A / STATIC EVALUATIONS

Mind2Web: Offline generalization across the web

& umireo — R —_— R S J
o Ee— 2,350

S UNITED
Eo]

tasks
. o websites
(a) Find one-way flights from New York to (b) Book a roundtrip on July 1 from Mumbai to (c) Find a flight from Chicago to London on
Toronto. London and vice versa on July 5 for two adults. 20 April and return on 23 April.
QWﬂmm Now domains

i - R o e EVALUATION CRITERION
Please select an appointment type below.

Offline action matching

Next-action imitation is not the same thing as task completion.

Source: Deng et al., NeurIPS 2023, Fig. 1 -


https://arxiv.org/abs/2306.06070

02A / STATIC EVALUATIONS

Mind2Web: Offline generalization across the web

RECORDED SCREENSHOT / UNITED

Q Search & HI, JAMES | 0 miles

BOOK MY TRIPS TRAVEL INFO = MILEAGEPLUS® PROGRAM  DEALS HELP
-

Book Flight status Check-in My trips
FLIGHT HOTEL CAR PACKAGES  Cruise s ~ 4 TIME TO BUNDLE UP

[ Get 1,000 bonus
@ Rroundtrip Q) oneway [] Bookwith miles  [] Flexible dates miles when you
e - book with United
Pune PNQ 2 New York NYC ' Packages.

Build yourtrip >

Travelers

Jun09 - Jun11 1 Adult

Economy

rrrrrrrrr >

Ground-truth target outlined in red

Deng et al., NeurIPS 2023 - Multimodal-Mind2Web, training example

Rent a car in Brooklyn-Central, NY, for April 9-15.

=
Find flights ” 80 bonus
miles
W@ Find your travel credits r g M

GROUND-TRUTH ACTION

CLICK
Target: CAR tab
Value: none

Element: bookCarTab
Match the target element

and operation. No task
rollout is performed.

31


https://huggingface.co/datasets/osunlp/Multimodal-Mind2Web

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02A 4 028 )
Static evaluations End-to-end evaluations (web)

Predict an action on a fixed observation. N Complete a task through browser interaction. D
02¢C 02D

End-to-end evaluations Long horizon computer use
(desktop, mobile)

Complete tasks across apps and system state. Sustain progress through extended workflows.

Long horizon extends end-to-end evaluation across both web and desktop.

24



02B / END-TO-END EVALUATIONS (WEB)

Programmatic state: Test the resulting world

Add a blue mug under $20 to the cart. Do not purchase.

FINAL APP STATE EXECUTABLE CHECKS TASK REWARD

studio.shop / cart

Blue mug cart.item ==
- cart.price <
$18-Quy T orders.count

In cart

assert all (checks)

PASS
-

20

reward = 1.0

Database / file / app state

Repeatable and precise—but only for conditions the tests cover.

BENCHMARK EXAMPLES

WebArena - Zhou et al., 2024

AndroidWorld - Rawles et al., 2024

OSWorld - Xie et al., 2024

WorkArena - Drouin et al., 2024

36


https://webarena.dev/og/
https://arxiv.org/abs/2404.07972
https://arxiv.org/abs/2405.14573
https://arxiv.org/abs/2403.07718

02B / END-TO-END EVALUATIONS (WEB)

WebArena: Reproducible sites, executable goals

€ )

Web applications from popular domains

- JNP=ROR e

Knowledge resources

WebArena Environment

Tool Sites

Evaluators check

Source: Zhou et al., ICLR 2024, Fig. 1

(o
812

Action o long-horizon tasks
I e \ Tell me how much I spent on
food purchase in March 2023 ,, 4
« Create a "NolanFans’ repo, self-hosted domains
. AlAgent listing Nolan's Oscar-winning
Feedback films in a README file y a
functional
check_repo success checks
check_readme ! !
s Functional Functional
Success Failure EVALUATION CRITERION

Programmatic end state

environment state, not whether the trace “looks right”.

26


https://arxiv.org/abs/2307.13854

02B / END-TO-END EVALUATIONS (WEB)

WebArena: Reproducible sites, executable goals

TASK: Create an empty repository named awesome_llm_reading.

OFFICIAL DEMO / CREATED PROJECT

&) Byte Blaze / awesome_lim_re: X 4

A awesome_lim_reading

Q@ Project information PRIl Don't show again
@ Repository

O Issues []
33 Merge requests 0

@ Security & Compliance
Byte Blaze = awesome_lim_reading
@ Deployments

@ Packages and registries

@ Project ‘awesome_llm_reading’ was successfully created.

@ Infrastructure

& Monitor "
A awesome_llm_reading &
ki Analytics Project ID: 199 3
Wiki
Q wiki o-1Commit ¥ 1Branch ¢? 0Tags [ 61KB Project Storage
X Snippets
@ Settings & Initial commit

"W Byte Blaze authored just now

main v awesome_lim_reading /

Zhou et al., ICLR 2024 - Official demo + task 476 / program_html evaluator

o

A Not Secure | metis.Iti.cs.cmu.edu:8023/byteblaze/awesome_llm_read

ing

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

@ The Auto DevOps pipeline has been enabled and will be used if no alternative Cl configuration file is found.
Container registry is not enabled on this GitLab instance. Ask an administrator to enable it in order for Auto DevOps to work.

Find file

Yr Star 0 % Fork 0

Web IDE

d144e3fa (%

¥ Clone v

PROGRAMMATIC VERIFIER

name = task.project_name
p = "/byteblaze/"
page.goto(GITLAB+p+name)
html = page.content()
reward = int(

name in html.lower ()

Task 476 (simplified).

Checks name at target URL.
Emptiness is not checked.

38


https://github.com/web-arena-x/webarena/blob/main/config_files/test.raw.json

02B / END-TO-END EVALUATIONS (WEB)

VisualWebArena: Vision is part of the task

OsClass

reddit  OneStapShop

N D

Knowledge Resources + Tools

VisualWebArena Sites

“Help me make a post selling
this item and navigate to it.
Price it at $10 cheaper than the
most similar item on the site.”

o 0@ meaa

“Navigate to the comments section of the
latest image post in the /f/Art subreddit
that contains animals.”

B v [

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

Webpage

Task Specification

LLM/VLM
Agent

8-

click
[1602]

910

tasks

3

self-hosted sites

25.2%

image-input tasks

EVALUATION CRITERION

Multimodal + end state

Visual understanding changes which tasks are even expressible.

Source: Koh et al., ACL 2024, Fig. 1

28


https://arxiv.org/abs/2401.13649

02B / END-TO-END EVALUATIONS (WEB)

LLM / VLM judging: Evaluate the evidence

Add a blue mug under $20 to the cart. Do not purchase.

OBSERVED EVIDENCE LLM / VLM + RUBRIC JUDGMENT

studio.shop / cart

i) Blue mug v Blue mug present PASS

v Price bel 20
S - rice below $ -

v No purchase shown o
“The visible cart meets

In cart q A
the requested criteria.

Rubric — evidence — verdict
Screenshots + action history

Flexible evidence judging needs calibration against human labels.

BENCHMARK EXAMPLES

WebVoyager - He et al., 2024 Online-Mind2Web / WebJudge - Xue et al., 2025

CUA-World-Long - Aggarwal et al., 2026

40


https://aclanthology.org/2024.acl-long.371/
https://github.com/OSU-NLP-Group/Online-Mind2Web
https://cmu-l3.github.io/gym-anything/

02B / END-TO-END EVALUATIONS (WEB)

WebVoyager: Live web, open-ended outcomes

643

tasks

Thought: Based on observation...
Click? Type? Scroll? ...

%
N ) 15
% Thought ° . .
\ T, : 7" Available Websites "\ ve websites
iy R®X | G d O
, *@ p ¢ arXiv .
= W6 85.3%
ol BB = :
. =" i * g = Bog judge-human agreement
Web Elements (Text) . Observation v
[1]: Delivering to Santa Clara 95050 : Q a = QD B
[2]: <input> "Search Amazon" J \ " }

VLM-as-judge

Realism rises; reproducibility falls.

Source: He et al., ACL 2024, Fig. 1 30



https://aclanthology.org/2024.acl-long.371/

02B / END-TO-END EVALUATIONS (WEB)

WebVoyager: Live web, open-ended outcomes

Find the most-starred GitHub project for climate-change data visualization.

PUBLISHED TRACE / GITHUB SEARCH

0 1 p) 3 a - z
O Product Solutions Open Source Pricing climate change data visualization Sign in ‘ Sign up
% )
Filter by 193 results (248 ms) | Sort by: Most stars ~ }} ¢}
'a- oo - dhmed
______________________ -
n Code ooy oo o--ooooo oo -
...................... " rresource-watch/resource-watcl "o R : Data visualization
Repositories B30 ' Wl | e Tt Fantirrme P A T TS
IE_._E __________________ A Resource Watch features hundreds of Data visualization is the graphic
! Issues 624 | data sets all in one place on the state representation of data and
L e e 4' of the planet’s resources and citizens.
H Pull requests 198 s caasicualize
---------------------- o E
1 1 N | e e R

e s e
IR rs ) | pbox-:l dag ts |
v |More 1 Il
m i

— &

Historical trace, not current GitHub rankings

He et al., ACL 2024 - Released GitHub--0 trace and automatic evaluator

VLM JUDGE INPUTS

Task + final answer
+ last k screenshots

Recorded answer
resource-watch/
resource-watch: 63 stars

Judge checks the evidence
and returns SUCCESS or
NOT SUCCESS.

43


https://github.com/MinorJerry/WebVoyager/tree/main/results/examples/taskGitHub--0

02B / END-TO-END EVALUATIONS (WEB)
Online-Mind2Web: Live sites expose benchmark drift

1001 = WebVoyager (Self-reported)
== Online-Mind2Web (Manual Evaluation) 300
| b tasks

80
2 136
g
s live websites
@
[V}
8 40 o
3
3 85.7%

WebJudge-human agreement
20
EVALUATION CRITERION
0 SeeAct Claude Claude Agent-E Browser Use  OpenAl perator Human + LLM judge
Computer Use 3.7 Computer Use 3.5

Live benchmarks drift—and judge quality becomes part of the score.

Source: Xue et al., COLM 2025, Fig. 1 (cropped) 32


https://arxiv.org/abs/2504.01382

02B / END-TO-END EVALUATIONS (WEB)

Human review: Resolve ambiguous outcomes

Add a blue mug under $20 to the cart. Do not purchase.

REVIEW EVIDENCE INDEPENDENT REVIEW ADJUDICATION

studio.shop / orders
g - = e . AL

$18-Qty 1 . : . .
Reviewer A Reviewer B Order confirmation shows

a forbidden purchase.
PASS FAIL

Resolve disagreement using evidence

Human review can score tasks or audit an automatic evaluator.

BENCHMARK EXAMPLES

WebVoyager - human scoring & judge audit - He et al., 2024

Online-Mind2Web - human labels & review - Xue et al., 2025



https://aclanthology.org/2024.acl-long.371/
https://github.com/OSU-NLP-Group/Online-Mind2Web

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02A

Static evaluations

Predict an action on a fixed observation.

-

\_

02C
End-to-end evaluations
(desktop, mobile)

Complete tasks across apps and system state.

)

02B

End-to-end evaluations (web)

Complete a task through browser interaction.

02D

Long horizon computer use

Sustain progress through extended workflows.

Long horizon extends end-to-end evaluation across both web and desktop.

34



02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

OSWorld: Real desktops, custom end-state checks

BENCHMARK STATS
Task instruction |: Update the bookkeeping sheet with my recent transactions over the past few days in the provided folder.

-

—

GG

- &

P tasks
)
.
applications

custom

task evaluators

ask initial env state setu Virtual Machi <
o it e Sl task initisl e stete sstep B A o achine®) TR EVALUATION CRITERION
T Observation ‘ o - s l
screenshot ally-tree ® oo .
N O Final State Custom end-state checks

: gyl Kol =
Task Instruction  input Agent - a )6 @ >= ¢
(See examples above) (e.g., GPT-4V) T PredicE - S wrtooeone lus e ___ Execution-based

Every task ships with setup logic and application-specific state checks.

Source: Xie et al., NeurlPS 2024, Fig. 1 35



https://arxiv.org/abs/2404.07972

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

OSWorld: Real desktops, custom end-state checks

Update the bookkeeping sheet using the receipts in the provided folder.

PAPER EXAMPLE / UPDATED WORKBOOK REFERENCE FILE + RULES

compare_table(

o B0 i T pa THEO SR et i g e Rl e saved_workbook,
RS ‘_ . e ‘ il gold_workbook,
' Bookkeeping simple .
Description Category Type Amount Balance $ i 1 e
; Office Suppies Purchase Office Supplies Expense -150 850 e )
Bl ¢ Client Payment Receiver Sales Income 500 1350 °
s Internet Bill Utilities Expense -60 1290
a o Freelance Services Services Income 300 1590 fx
Rent Payment Rent Expense 700 8% , Reference checks
Software Subscription  Softw: E -100. 790
nll . e _m__ = -s::ﬁ- ~ 186793 ' [603.07 [ A1:E8 unchanged
T o= === T E -3670 _ }3066,93
- Expense 5.7 =59 C9:C13 expense labels
- Expense -154.06 3226(I[ .
: Expense 81 3234, Amounts + running balances
o N o *
g D9 = -186.93
E9 = 603.07

Xie et al., NeurIPS 2024 - Fig. 1 + bookkeeping task 8e116af7 48


https://github.com/xlang-ai/OSWorld/blob/main/evaluation_examples/examples/multi_apps/8e116af7-7db7-4e35-a68b-b0939c066c78.json

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

WindowsAgentArena: Windows at cloud scale

WINDOWSAGENTARENA

Real Windows OS environment

L]
I
i OO
J =

i B &
103 M C

£ (e

Initial conditions

Individual task instructions

Look up a flight from Mumbai
(BOM) to Stockholm (STO) that
departs next Monday.

Make a shortcut \"ctrl+j\" to move
cursor focus from terminal to
editor in VSCode

Make the line spacing of first two
paragraphs into double line
spacing

AAzure cloud parallelization

Reason
LLM / VLM

agent

—F

Observe

BENCHMARK STATS

154

tasks

1

programs

20 min

parallel sweep

EVALUATION CRITERION

Programmatic end state

Parallel VMs turn multi-day desktop evaluations into a cloud-scale sweep.

Source: Bonatti et al., 2024, Fig. 1

37


https://arxiv.org/abs/2409.08264

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02A

Static evaluations

Predict an action on a fixed observation.

02C
End-to-end evaluations
(desktop, mobile)

Complete tasks across apps and system state.

02B

End-to-end evaluations (web)

Complete a task through browser interaction.

4 )

02D

Long horizon computer use

Sustain progress through extended workflows.

- )

Long horizon extends end-to-end evaluation across both web and desktop.

38



02D / LONG HORIZON COMPUTER USE

Hybrid / trajectory: Check outcome and process

Add a blue mug under $20 to the cart. Do not purchase.

ACTION TRACE TWO KINDS OF CHECK FINAL VERDICT

STATE CHECK

v Correct item FAI L
-

PROCESS CHECK

1 click (mug)

2 click(add to cart) -

Outcome-only grading
3 click (place order)

X Purchase was made

A plausible deliverable is not enough if the process violated the task.
BENCHMARK EXAMPLES

WeaveBench - trajectory-aware judge - Li et al., 2026

OSWorld 2.0 - completion + separate safety audit, 2026

could miss the violation.

55


https://arxiv.org/abs/2606.09426
https://osworld-v2.xlang.ai/

02D / LONG HORIZON COMPUTER USE

Odysseys: Long-horizon tasks on the live web

Plan a trip to a Palm Springs wedding — search round-trip flights PIT—»LAX & PIT—PSP, 2 0 0
check drive time (9am—4pm), book hotel if needed, rent car, assess Soban & Holbox detours, build CryptPad itinerary.

live-web tasks

6.1

rubric items per task (avg.)

Score: 88%, 7/8 rubrics satisfied 1 00

7 Rl: PIT—LAX non-stop flights scarched, best opened v R5: Carrental listing with vehicle type & rate . )

steps - main evaluation cap
v R2: PIT—PSP flights scarched, best opened X R6: Soban & Holbox detour feasibility assessed
7/ R3: LAX-PS drive time & 9-4pm window asscssed v R7: CryptPad day-by-day itincrary document created

7/ R4: LAX vs PSP compared, airport recommended ~ R8: Final ntegrated trip summary provided EVALUATION CRITERION

Rubric-based LLM judge

Grade progress across the workflow—not just a single final screenshot.

Odysseys: Benchmarking Web Agents on Realistic Long Horizon Tasks. Jang*, Koh*, Fried & Salakhutdinov, 2026. 40



https://odysseysbench.com/

02D / LONG HORIZON COMPUTER USE

Odysseys: Score progress across the whole trip

Plan a Palm Springs wedding trip, compare airports, and build an itinerary.

Paghts

- > [ R -
E_.!_ u-'m;ni- - ==9%: :
Flights Drive window Hotel if needed Car rental CryptPad itinerary
RUBRIC CHECKPOINTS / PUBLISHED ILLUSTRATION
R1 Compare PIT-LAX flights v RS Open a priced car-rental option v
R2 Compare PIT-PSP flights v R6  Evaluate both restaurant detours X
R3  Check the 9am-4pm drive window v R7 " Create an editable daily itinerary v
R4 Recommend LAX or PSP v R&  summarize the complete trip plan v/
7 / 8 satisfied = 0.875 average Perfect completion=0.0
57

Jang et al., 2026 - Published trip-planning illustration; rubric text condensed


https://odysseysbench.com/

02D / LONG HORIZON COMPUTER USE

OSWorld 2.0: Hours-long workflows

# GMailand local files, verifying charges in Bank, and preparing valid supporting documents.
@ 3 Claude Opus 4.8 @ ‘otent asien
@ Ovmued 13w

Fill forms in

moci:(cgacy portal ° ® ceras
: workflows
2
¥ Claude Opus 4.8 1 6 h
> [ ]
% Claude Opus 4 T
B g i ;
. By median human time
§ e :;'/

318

average agent calls

o It Mtinineax
EVALUATION CRITERION
+ Qwen 3.7-Plus N °

o o Partial + binary checks

[ASK USER)
el Incorrect passenger.
-~ |Should | reimburse this?

Output tokens | task

The frontier shifts from clicks to hidden state, changing requirements, and verification.

Source: Yuan, Zhou, Xiong et al., 2026, Fig. 1 42



https://arxiv.org/abs/2606.29537

02D / LONG HORIZON COMPUTER USE

OSWorld 2.0: A file can exist and still be wrong

Build a FreeCAD support bracket and export a STEP model matching the drawing.

REFERENCE DRAWING / STEP 27 EXPORTED MODEL / STEP 251
6 1 5 1 4 Yb 3 1 2 1 =T
g8 TWaE a2 05 ¢ 2k Ee - ONZP
88| _g6_| YA I8 QD OTIBEO S ¢BEE- ©Ob EDT0 F—
o ﬁk - e
d s AL A7 %;L .\
E 9l
‘A\JS o A
F
7 ,—-ﬁ?—fc !
Az 4,
140 E

Ra32

Yuan, Zhou, Xiong et al., 2026 - Official Task103 failure case (cropped) 59


https://osworld-v2.xlang.ai/

02D / LONG HORIZON COMPUTER USE

OSWorld 2.0: Modeling a part in SolveSpace

TASK: Recreate a mechanical part from the reference video’s dimensions and steps, then save it as a SolveSpace file.

mm[.._‘mgi

Koh, Sep 2026 - What's the Point of Computer Use Agents? - GPT-6 Astra demo (30x%)

44


https://jykoh.com/blog/whats-the-point-of-computer-use-agents/

02D / LONG HORIZON COMPUTER USE
CUA-World-Long: One hard task per software

Engineering Design Enterp: 200

long tasks

Healthcare

>500

steps often needed

8

quality criteria

EVALUATION CRITERION
[ J

Checklist VLM verifier

Science

One long task per application exposes failures across real professional software.

Source: Aggarwal et al., 2026, Fig. 1 (cropped) 45


https://arxiv.org/abs/2604.06126

Modeling



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 0
“Buy a blue W
mug < $20”
GOAL SCREENSHOT 0

64



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 0
“Buy a blue W
mug < $20”
GOAL SCREENSHOT 0 l

o (ag | goal, og)

ACTION 0 click(xo, Yo)

65



03/ MODELING

A VLM predicts actions from visual history

APPEND ACTION 0 TO THE TRAJECTORY

“Buy a blue
mug < $20”

GOAL

™) [ click(xo, Yo) ]‘

SCREENSHOT 0 l ACTION 0

o (ag | goal, og)

|

ACTION 0 click(xo, Yo)

66



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 1

“Buy a blue
mug < $20” w click(xo, Yo)

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1

779(011 | goal, o9, ao, 01)

67



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 1

“Buy a blue
mug < $20” w click(xo, Yo)

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1

779(011 | goal, o9, ao, 01)

ACTION 1 click(x4, Y1)

68



03/ MODELING

A VLM predicts actions from visual history

APPEND ACTION 1 TO THE TRAJECTORY

uBuy a blue ) Blue mug '
mug < $20” » click(xo, Yo) i) *”“ click(x4, y1)

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1

779(011 | goal, o9, ao, 01)

ACTION 1 click(x4, Y1)

69



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP t
“Buy a blue . .
mug < $20” w click(xo, Yo) click(xs, y1)
GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1 SCREENSHOT t

o (at | goal, O<t, a<t)

70



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP t
uBuy a blue i) | k Blue mug | k
- click(xo, i) #18 -y click(x,,
mug < $20 e )
GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1

o (at | goal, O<t, a<t)

ACTION t click / type / tool / stop

Blue mug

$18-Quy 1

SCREENSHOT t

71



03/ MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP t
uBUy a blue Blue mug 1;B1I:‘eQr:y1:1g
mug < $20" » click(xo, yo) L dickoay) [P
GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1 SCREENSHOT t
T (at | goal, o<, a<t)
Interleaved visual and action history lets the policy condition on past progress.
Generic VLM policy - o denotes observations, a actions - tokenization and history compression vary by system 71



03/ MODELING

A VLM predicts actions from interleaved tokens

TOKENIZED CONTEXT AT STEP t

INSTRUCTION TURN 0O TURN 1 TURN t
Buy a V0,1 VO,N click ( V1’1 V1,N click ( Vt’1 thN
GOAL TOKENS VISUAL TOKENS 0 ACTION TOKENS 0 VISUAL TOKENS 1 ACTION TOKENS 1 VISUAL TOKENS t

CAUSAL TRANSFORMER

To (a,t | goal, o<, a<t)

ACTION t click ( X, , Y, )

Text — tokenizer + embeddings; screenshots — vision encoder + projector.

Illustrative token splits; visual tokens are continuous embeddings, not vocabulary IDs. Token counts / encoders vary. 72



03/ MODELING

Frontier CUAs: Similar observations, different actions

MODEL ACTION INTERFACE OUTPUT FORMAT / SCHEMATIC EXAMPLE

Python / PyAutoGUI

B A or native computer tool

Fable / Opus 5 Native computer tool calls

Gemini 3.8 Flash (normalized coordinates)

Function calls
Qwen 3.8 (app-defined GUI schema)

Scripts + direct GUI actions

Muse Spark including action batches

.. Function calls
Kimi K3 (app-defined GUI schema)

(one or more per response)

Computer-use function calls

pyautogui.click(x, y)
computer_call: actions=[..]

tool_use: left_click
input: {coordinate: [x, Y]}

functionCall: click
args: {x, y} € 0-999

<tool_call><function=..>..
XML-style tool serialization’

Tool / script output?
Exact GUI schema is app-specific

tool_calls[].function
name + JSON arguments

Output format and schema differs between models (reproducibility is a nightmare).

Sources: OpenAl - Anthropic - Google - Qwen' - Meta? - Moonshot | '27B template; ?1.1 report | Sep 2026 73



https://developers.openai.com/api/docs/guides/tools-computer-use
https://platform.claude.com/docs/en/agents-and-tools/tool-use/computer-use-tool
https://ai.google.dev/gemini-api/docs/computer-use
https://huggingface.co/Qwen/Qwen3.8-27B/blob/main/chat_template.jinja
https://ai.meta.com/blog/introducing-muse-spark-meta-model-api/
https://huggingface.co/moonshotai/Kimi-K3

Training



04 / TRAINING
Training Stages
Pre-training Post-training (SFT) Post-training (RL)

Ul ELEMENTS ACTIONS HUMAN DEMOS SYNTHETIC DATA RL ROLLOUTS

type(text)

—

== 00 a0

swipe(...) o1 al

agent-generated
traces
— behavior cloning

task + verifier
— task reward

boxes - labels - OCR click - type - swipe goal + human trace
— grounding — control — behavior cloning

Visuals: Mind2Web (Deng et al., 2023) - AITW (Rawles et al., 2023) - Editable teaching schematics 75



https://github.com/OSU-NLP-Group/Mind2Web
https://arxiv.org/abs/2307.10088

04 / TRAINING

Pre-training: Ul elements and actions

Ul ELEMENTS / GROUNDING

=R dSwmtess  Q Search & HIJAMES | Omiles
%2 UNITED
5547)

BOOK MY TRIPS TRAVEL INFO . MILEAGEPLUS® PROGRAM  DEALS HELP
-

B Get 1,000 bonus
miles when you
book with United
Packages.

b 5uild yourtrip >

@ roundrip O oneway [ Bockwithmiles [ Fexible dates

Tor
2 New York NYC

Jun09 - Jun11 1 Adult

Economy

onesomto

80K
miles

B Leammore>

“CAR" — element box / screen coordinates

Learn what is on the screen,

Deng et al., 2023 - Mind2Web training example; Wu et al., 2025 - OS-Atlas

ACTION PREDICTION

element: bookCarTab
value: none

Other labels: type(text), swipe(start, end)

and how to address it.

76


https://github.com/OSU-NLP-Group/Mind2Web
https://arxiv.org/abs/2410.23218

04 / TRAINING

Post-training (SFT): Imitate useful trajectories

HUMAN DATA SYNTHETIC DATA

“find a birria taco recipe | could make in under 3 hours" AXT ree o
- : 1oz —> Roll out —  Filter
go to: foodnetwork.com search: tacos birria teacher

thought: "Ineed to go to the food network +  thought: "I need to search 'tacos birria’. | thought: "The search bar is selected. | will
website™ will click on the search bar." type ‘tacos birria."
action: goto(“foodnetwork.com")

action: click(80.5, 8.2) action: type("tacos birria")

*find & birria taco recipe | could make inunder 3 hours”

e ®---—-——- - ©---—-—- AT e
P — = ' RS
» R * o go to: foodnetwork.com search: tacos birria
Google > 2 . §
L . thought: "I need to go to the food network thought: "I need to search 'tacos birria'. | 'thought: "The search bar is selected. | will
- - website™ ' will click on the search bar.” type 'tacos birria.™
y action: goto("foodnetwork.com”) i action: click(80.5, 8.2) action: type ("tacos birria”)
= =1 K ST e
..... . e
- h Google » 4 ‘. ‘j '

MolmoWebMix (example above)
36K human + 105K synthetic task trajectories

Record format (Fig. 2) - 105K synthetic tasks

AgentNet

Retain a useful trajectory — SFT
22,625 released task trajectories - 3 OS

Same next-action loss; demonstrations can come from humans or agents.

Gupta et al., 2026 - MolmoWeb Fig. 2 excerpt; Table 2; Wang et al., 2025 - OpenCUA Table 2; §2.3 77



https://arxiv.org/abs/2604.08516
https://arxiv.org/abs/2508.09123

04 / TRAINING

Demonstration data: More scale, richer trajectories

Human and synthetic traces now cover longer, more diverse workflows.

2023 2023 2024 2024 2024 2025 2026
. Android GUI
Mind2Web AITW WebLINX AgentNet A IO
Control Odyssey Mix
. 36K human
2,350 tasks 715K Efpl5eaEs . 1OOK 15,283 demos 7.'735 22[e25 TS 105K synth.
. 30K interactions episodes 18.6 steps
137 websites . . 833 apps . task
instructions 2.3K demos Ccross-app per trajectory . .
trajectories
WEB MOBILE WEB MOBILE MOBILE DESKTOP WEB

Scale has increased over time; data type also shifts towards focusing on longer, cross-app,
multi-turn supervision.

Mind2Web - AITW - WebLINX - AndroidControl - GUI Odyssey - AgentNet : MolmoWeb 79


https://arxiv.org/abs/2508.09123
https://arxiv.org/abs/2604.08516

04 / TRAINING

Post-training (RL): Learn from scored rollouts

Goal: Find a blue mug, check delivery, and add it to the cart.

POLICY ACTION O POLICY ACTION 1 POLICY ACTION 2
studio.shop / mugs < o studio.shop / blue-mug < o studio.shop / blue-mug
STUDIO / Everyday objects STUDIO / Everyday objects Delivery estimate REWARD
Blue mug | Postal code
i) i) $18 - Quantity 1 eee 1 0
Crr:jm Blue mug Blue set 1 521 3 ®

Task success

Update the policy using trajectory rewards

Generate experience — score the outcome — improve the policy.

lllustrative rollout - CUA-Gym / Gym-Anything: Interactive tasks and verifiers 78



https://cua-gym.xlang.ai/

04 / TRAINING

RL Training

Add one blue mug under $20 to the cart; do not check out.

< o studio.shop / mugs <« o studio.shop / blue-mug <« o studio.shop/ cart

STUDIO / Everyday objects STUDIO / Everyday objects Your cart
Blue mug Blue mug
$18
—_— $18 - Quantity 1 — Qty 1
Cream mug Blue mug Blue set

Subtotal $18

Checkout

history + screen history + screen history + screen

ACTION 0 click product ACTION 1 add to cart ACTION 2 verify / stop

SFT learns next action prediction; RL evaluates trajectories based on outcomes.

Teaching example - screenshots, actions, and optional rationale labels are interleaved 80



04 / TRAINING

We need simulated environments for RL

Book an airport ride for my upcoming Jamaica flight.

63 & 00
X Hoolichatweb X  HooliMail X Fi y X | eTaxi X § Add-ons Manac X D & & REAL MONEY

G
€ D G @ http://localhost:3006/?_auto 1 & ® 0
®

Gringotts CIWork @ BatBucks [IMoney @ OddsMarket [JTravel @ Hoolichat [3shopping @ Hooliwork [3Social @ eTaxi @ HangryDash @ TableFind R e p eate d attem pts can create
eTaxi @ Trips  Account  Help Help o michael.scott@du... d u p | | Cate pa | d b 00 kl ngs
g

near center) . Wilkes Barre/

REAL PEOPLE
A booking can dispatch a driver;

$29.39

NO CLEAN RESET
Cancellation may incur a fee;

spent time cannot be restored.

Explore in resettable replicas, not repeated real world interactions.

MyPCBench - Jang et al., 2026 - Task bounded action-f041 - Published trajectory, step 53

exploration affects other people.

81


https://mypcbench.com/tasks

04 / TRAINING

CUA-Gym: Build reusable, resettable mock applications

Sources

94 MOCK WEB APPS / PLAN — IMPLEMENT — TEST

Plan Agent

Dev Agent

Web Agent

Engineering

> Web Search & Brainstorming

Q o ®

> Frontend development based on
TODO.md & DESIGN.md

> Use Playwright to check UI/UX

> Draft Develop Documents

G AL

traversal tree

®8® ppp.tsx

import { Router } from './r'
export function App() {
return <Router/>

@ L] localhost:3000/form

mgg Cancsi

> Draft Data Schema

Database schema

table clients (id, name, email)
table templates (id, body, attach)
table sessions (id, state)

> Design & Draft API Protocol

Inject initial state

F State API
> Compare with Web-Tree GET  /state POST  /reset
compare. agams( tree POST  /inject GET Joiff
> Deploy at runtime & preview
-
- > Deliver SKILL.md
P localhost:3600 >
running in chrome webpage Y -_ — ;
ive oracle o skill.md
T 7'y T APts - pitfalts - setup & verify templates
N rounds | 1

Inspect final state

Reset each session

One mock app supports many tasks through controlled, isolated state.

Wang et al., 2026 - CUA-Gym Fig. 2; 82.2

83


https://arxiv.org/abs/2605.25624

04 / TRAINING

CUA-Gym: Co-generate tasks, states, and rewards

~32K VERIFIED TUPLES / 110 ENVIRONMENTS

Data Synthesis Pipeline "
o @ee Orchestrator Filter
Tasks . i --» > LLM Majority Voting
BN . ; " e $ Loading Task $ Prepare VM environments $ Spawn Agent Loop e
ask: Can you please send a email to each client . . .
listed in the opened Notion page using the > Loading Conte).(t while not done: executability
template via Gmail? You should attach their > Label Properties SEou Sloeneraton: apd hack-risk —
transactions in the ‘clients.xlsx " table on desktop. — diff / reward = discriminator.run() ¥
— domain done = orchestrator.check() clarity
Context: There should be 10 client in Notion ! return (task,setup,reward) difficulty

database page, each with emails listed, and a involy
existing email template in the “Sent’ folder of . . N
Gmail. The spreadsheet “clients.xlsx " is a complex eee Generator Discriminator
document containing all clients during 2024 Q1-

a; A n-1
2025 04...... > Loading Task and Skills > Loading Task and Reward Skills "~" i

> Teacher Model Rollouts

44 > Apply initial_setup.py & golden_patch.py | > Decompose rewarding criteria m Calculate reward(s,)
P —emails exist in Sent.. B Check reward.log
Task Generation : —email content match template.. : X;er:/rlv_:r:scﬁ-ejlcjl?ge to review sy,
> Performing web_search . recepients match Notion DB.. 9
Searching on > Draft ard.py & verify in real envs. l Pass
hing “how do people use gmail.. G

> Retriving Documents& Tutorials D =i (task, setup, reward ) }
Read1ir, ion & Gmail tu

> Reading prepared assets/ L— Initial Env/ Golden Env/ = « reward; € [0,1]

Readi ts > Apply initial_setup.py & golden_patch.py ‘ \/

> Revise (if applicable) e setup: Scripted initial env. setup
feedback & retry * reward: Programmatic reward

¢ task: Natural language instruction

Generate the world and its reward independently—then test that they agree.

Wang et al., 2026 - CUA-Gym Fig. 1; §2.1

1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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04 / TRAINING

CUA-Gym: How much training data?

Computer & Mathematical - DevOps

“w A O A = O

AWS Azure GCP Vercel Cloudf... CircleCl

Office & Admin - Communication

s B o 3 0 v

94 MOCK WEB APPS + 16 DESKTOP APPS

Analytics & Monitoring

ﬁ 51 mixponel K= ]

Sentry Datadog Mixpa... Analyti... Tableau W&B

Office & Admin - Project Mgmt

o O B ® »~ N

Slack Teams Discord WeChat DingTalk Feishu Asana Jira Trello Notion Monday Linear
Business - CRM & Finance Business - HR & Recruiting Sales - E-Commerce
) 4

@ ‘EQ @ stipe  FTY QUSIO e iy amazon  quew  ebay  Etsy
Salesf... HubSp...Quick... Stripe  SAP Bambo...Green... Gusto Lattice Workday Amazon Shopify eBay Etsy
Arts & Media - Content Healthcare - Legal - Realty Chinese / International
oPeBB B~ - BB

YouTube Pintere... Drive Docs  Sheets Epic Clio Zillow Docus... 12306 Weibo RED Zhihu

Desktop Applications

III@’GC_.MEE®/6G©

Calc  Writer Impress GIMP VSCode Chrome VLC

Grafana drawio Penpot Excalid... Overleaf OpenS... Blender

110

environments

32,112

verified RLVR tuples

38%

cross-application tasks

A broad environment pool supports many independently verified tasks.

Wang et al., 2026 - CUA-Gym Fig. 8(a); §2.3
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https://arxiv.org/html/2605.25624v2#S2.SS3

04 / TRAINING

CUA-Gym: Verified rollouts improve the policy

3,578 SFT DEMOS — GSPO ON 10,858 VERIFIED TUPLES
OSWorld-Verified score

0.64 1
0.60 . ”’,0,,
/ 0" "." /
;._. Zors
0.56 1 _;':0 ‘ ,-\.70-.< 7 ~n ~
/’10 o—'
e ( el e
0.524 - SFET init (0.53)
)
0.48 - T T T T :
1 20 40 60 80 100

RL training step

==¢== |2K tuples

Training reward

0.6 ‘
0.5 /
0.4 \M
0.3
0.2

1 20 40 60 80 100

RL training step

==m== 3K tuples =—o== | 4K tuples

OSWorld Performance: 62.2 — 72.6%

Wang et al., 2026 - Fig. 9 data-scale ablation; 83 main results
OSWorld-Verified - GUI calls - 100 model steps - programmatic checks

85


https://arxiv.org/html/2605.25624v2#S3
https://arxiv.org/html/2605.25624v2#S3

04 / TRAINING

Gym-Anything: Create and audit real software setups

SELECT SOFTWARE / CREATE —~ AUDIT

Phase 1: GDP Grounded Software Selectionﬂ Phase 2: Any Software -> Agent Environment

— ~
f 894

L occupations |

Y
GDP Data |
|

_

9 (engineering, science, ...) »

High Impact \
Prioritize High-GDP Software

Strategic domains
(health, education, ...)

STEM domains

=
\

Broad Coverage
Diverse Occupations

Diverse Industries

\ Diverse Software categories

200

software applications

Aggarwal et al., 2026 - Gym-Anything Fig. 2, phases 1-2; §3

Qé5

QGIS  Slicer3D OpenEMR

R O ®

FreeCAD Qdoo  Blender

« B R

GIMP  Stellarium Wireshark

70 @

OpenHock t Libre c/\.) Opunb(»‘\D

reads/
o Cal
writes ,I
]

v

Shared Memory (M)
[ M_general ] [M_software]

[

interaction Quality Checks

t iterations
Creation Agent ] 7 [ Audit Agent J
\

bash, python, gui

writing J

launching &
mteractlon

—> Verified Environment

Codebase Software GUI

4

g

operating systems

10K+

tasks in CUA-World

The creation agent builds, an independent audit verifies the evidence.


https://arxiv.org/abs/2604.06126

04 / TRAINING

Gym-Anything: Scale tasks, then verify trajectories

PROPOSE + AMPLIFY

Phase 3: Scaling Tasks & Environments J
Stage 1: Propose Stage 2: Amplify

75: i
Creation Agent == seeds as X genera ion
coding + CUA “.. in-context

\
\
[ [_
> |  examples
runs \
software, l 2 [:]_> LLM I
creates

f
|
realistic data | Tseekd
: aass execution | V4 | Verified
5 per software J filtering == Tasks
Realistic Diverse Difficult

Execute seed tasks
Amplify with an LLM — filter

Aggarwal et al., 2026 - Gym-Anything Fig. 2, phases 3-4; §4.1

CHECKLIST-BASED VERIFICATION

Phase 4: Evaluation on CUA-World

Scregnshots ( VLM Verifier ]

Agent & Checklist +
executes tasl privileged info
CUA-World Y. ‘
10K+ tasks Rubric Score

+/ Imported patient dataset
correctly 3/3

 CT scan annotation
misaligned 3/2

+ Report exported as PDF 2/2

200+ software
3 0Ses

> Score: 5/7

Privileged evidence + weighted checklist
Partial credit + integrity checks
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04 / TRAINING

Gym-Anything: Environments across real software

REAL INSTALLED SOFTWARE / LINUX - WINDOWS - ANDROID

200

Healthcare Engineering DeS|gn Enterp software applications

£ Lf/

= n“' - [\ , .o 12,103
Science Finance GeoScience Educa tasks and environments
- ‘Q g.\ - <;
4 o g «5’\\2 EJ
i o . 22/ 22
,5&’1 ()

SOC occupation groups covered

The generator creates task-ready setups across professional software.

Aggarwal et al., 2026 - Gym-Anything Fig. 1; 85

88
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04 / TRAINING

Gym-Anything: Distill successful trajectories

KIMI-K2.5 TEACHER — QWEN3-VL-2B-THINKING STUDENT

25.0 -
—— # Software 22.5 ~2,000

22.51 —A— # Tasks

successful SFT trajectories

20.0 1

12.7 — 22.5

average checklist score / 100

17.5+

15.01 Untrained
14.6

12.7 1.6 - 4.4%

0% 25% 56% 10b% perfect-checklist pass rate
Fraction of Training Data

Avg. Score on CUA-World-Test

More software and more tasks both help supervised post-training.

Aggarwal et al., 2026 - Fig. 6(a); Table 3; §86.1-7.1
CUA-World-Test - GUI actions - 200 steps - Gemini 3 Flash checklist judge



https://arxiv.org/html/2604.06126v1#S6.SS1
https://arxiv.org/html/2604.06126v1#S6.SS1

04 / TRAINING
Training Stages

Pre-training

Ul ELEMENTS

ACTIONS HUMAN DEMOS

click(x, y)

type(text)

swipe(...)

boxes - labels - OCR
— grounding

click - type - swipe
— control

goal + human trace
— behavior cloning

Visuals: Mind2Web (Deng et al., 2023) - AITW (Rawles et al., 2023) - Editable teaching schematics

Post-training (SFT)

SYNTHETIC DATA

Post-training (RL)

RL ROLLOUTS

0O—a—...

o0 a0

—

o1 al

agent-generated
traces
— behavior cloning

$
Strong CUA Iél

task + verifier
— task reward
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https://github.com/OSU-NLP-Group/Mind2Web
https://arxiv.org/abs/2307.10088

05 / SUMMARY

Summary

0 CUAs operate directly on the GUI
They observe and act within the same interface as humans.

Evaluations should target the right metrics and level of behavior
Static actions, end-to-end tasks, and long horizon workflows are measured differently.

Models predict actions from interleaved visual history
CUAs are vision-language models that emit GUI actions, some also use code and tools.

Pretraining — SFT — RL

Models are trained through large scale pretraining, SFT on human annotated and synthetic
trajectories, and RL within simulated environments.

11-768 - GUI Agents 91



What's remaining?



05 / WHAT'S REMAINING

Speed + Cost

FASTER CUAS REQUIRE BOTH SYSTEMS AND MODEL IMPROVEMENTS

Task time = turns x time / turn

Reasoning at every step
Game-TARS: Sparse reasoning

m Act - Act - Act

FDM-1: Direct action prediction

Act 94 Act 34 Act 4 Act 4 Act 4 Act

Game-TARS - ByteDance Seed, 2025,83.3/84.3.2 - FDM-1 - Standard Intelligence, 2026

Long contexts are expensive

Screenshots and reasoning add prefill
and generation cost.

Game-TARS: Sparse Thinking

Reason at key decisions; act directly on
routine steps.

Fewer / cheaper turns

Improve planning and batching;
explore direct action models (FDM-1).
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https://arxiv.org/abs/2510.23691
https://si.inc/posts/fdm1/

05 / WHAT'S REMAINING

Personalization: Adapt to the user

GUM: INFER THE USER’'S CONTEXT MYPCBENCH: A PERSONAL DIGITAL LIFE

o JomEniy MyPCBench 17 184

" — e: Q
i was 10 the last time i CHICAGO, IL + JULY 2025 | Universit ity Ph.D: Lo WEB APPS  TASKS
wore a suit lol MyPCBench is a reproducible Linux desktop benchmark

1day ago General User seeded from a single canonical persona. The environment 42K
Model (GUM) provides seventeen pre-logged-in web applications, the

full LibreOffice suite, and a 184-task evaluationset. ~ powarns  Recoros

Jses casual tone Makes Is a Ph.D. student at Pretenti
with friends 0.8 crear 0.9 Stanford University 0.8 coffee o
Proposition Confidence
Doesn't own any 1.0 Likely going to friend's 0.8 Needs to budget as a 0.6

suitable formal wear . wedding in Chicago - Ph.D. student &

O Searching for suit rentals
| found a suit rental in Chicago for
your friend’s wedding that likely fits

Michael G. Scott
your budget as a Ph.D. student [...] m Regional Manager - Dunder Miffin 1812 2398 679 2526 586 10746 35

Manag
Scranton, PA

Personal context changes Memory must be revisable User control is essential

Use the user’s files, history and GUM retrieves and updates MyPCBench tests personal
preferences—not generic confidence-weighted user facts. context. Consent and forgetting
defaults. are essential.

GUM - Shaikh et al., 2025, Fig. 1 - MyPCBench - Jang et al., 2026, project overview



https://arxiv.org/abs/2505.10831
https://mypcbench.com/

05 / WHAT'S REMAINING

Infrastructure + UX

CODEX: BACKGROUND COMPUTER USE

a@se

Benrnaseeo Cloud Tic Tac Toe
v CloudTicTacToe You are X. The computer is O.
© - Clouacrcron

ClowTineTowp s

Don’t block the user

- Run in isolated background sessions
g G e S NG W M T while their work continues.

the simuiatorfdevice to surface issues. Ate reproduction, il inspect and patch the reievant app code paths only where »
needed p

N
1 have the Xcode control tookset vaksble. 1 chack that Xcoda i present, open f,run the pcject, 3nd then play though
2 full game to observe real ehavior,

&, Collaborate in real time

1 found Xcode aiready open on the. control. I and la
the running app to piay  full game and spot behavior regressions.

L e Show progress; accept corrections,
oisi approval and interruption.

1 reproduced a gameplay defect immadiately: after one human move, the 3pp can PIace two O marks at 0nce (two
‘computer moves per turnl, and both e
before patching,

Novel Ul 7/ UX for CUAs
Much to be explored still!

Proactivity needs consent, visibility, and an easy off switch.

OpenAl, 2026 - Codex for (almost) everything - demo excerpt
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https://openai.com/index/codex-for-almost-everything/

05 / WHAT'S REMAINING

Multi-Agent Systems

MACU: PLAN — PARALLELIZE — REPLAN

Scheduler Loop

initialize / replan graph

Parallel CUA Subagents Follow Up Loop
INPUT CUA1 ] o CUA N
—' [ e
! Manager
[ VM 1 ] e VM N

Virtual Machines Pool

——————— e}

continue working

- Input / Output - Manager C] CUA Subagent O Completed Subtask ‘ Ready Subtask

Manager

OUTPUT

Summary &
Deliverables

Divide work by dependencies

MACU dispatches ready subtasks to
CUAs in isolated environments.

Share evidence, then replan

Hand off files and results; verify work
and recover from failures.

Beyond homogeneous CUAs

Combine CUA, code and tool agents;
control conflicts and overhead.

Parallelism helps only when coordination preserves correctness.

MACU - Koh, Salakhutdinov & Fried, 2026, Fig. 1 / 83 (adapted)
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https://arxiv.org/abs/2606.01533

Thanks!



APPENDIX / REFERENCE

Appendix: Benchmarks

WEB + STATIC EVALUATION

MiniWoB / MiniWoB++
WebShop
ScreenSpot-Pro
Mind2Web

Android in the Wild
AndroidControl
WebArena
VisualWebArena
WebVoyager
Online-Mind2Web
WorkArena / WorkArena++

AgentNetBench and CUA-World-Long share their papers with training datasets/environments (p. 99).

DESKTOP, MOBILE + LONG HORIZON
OSWorld / Verified

WindowsAgentArena
AndroidWorld
MobileWorld

Odysseys
OSWorld 2.0

MyPCBench
WeaveBench
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https://proceedings.mlr.press/v70/shi17a.html
https://stanfordnlp.github.io/wge/
https://arxiv.org/abs/2207.01206
https://arxiv.org/abs/2504.07981
https://arxiv.org/abs/2306.06070
https://arxiv.org/abs/2307.10088
https://papers.neurips.cc/paper_files/paper/2024/file/a79f3ef3b445fd4659f44648f7ea8ffd-Paper-Datasets_and_Benchmarks_Track.pdf
https://arxiv.org/abs/2307.13854
https://arxiv.org/abs/2401.13649
https://aclanthology.org/2024.acl-long.371/
https://arxiv.org/abs/2504.01382
https://arxiv.org/abs/2403.07718
https://arxiv.org/abs/2407.05291
https://arxiv.org/abs/2404.07972
https://osworld-v1.xlang.ai/
https://arxiv.org/abs/2409.08264
https://arxiv.org/abs/2405.14573
https://arxiv.org/abs/2512.19432
https://odysseysbench.com/paper
https://arxiv.org/abs/2606.29537
https://arxiv.org/abs/2606.16748
https://arxiv.org/abs/2606.09426

APPENDIX / REFERENCE

Appendix: Modeling / Training

MODELS + GROUNDING DATA + TRAINING ENVIRONMENTS
OS-Atlas OpenCUA / AgentNet / AgentNetBench
UI-TARS MolmoWeb / MolmoWebMix
Qwen-Ul-Agent CUA-Gym

Qwen3.6-27B (model card) Gym-Anything / CUA-World

Game-TARS

99

Grounding and demonstration datasets that also serve as static benchmarks are listed on p. 98.


https://arxiv.org/abs/2410.23218
https://arxiv.org/abs/2501.12326
https://arxiv.org/abs/2607.28227
https://huggingface.co/Qwen/Qwen3.6-27B
https://arxiv.org/abs/2510.23691
https://arxiv.org/abs/2508.09123
https://arxiv.org/abs/2604.08516
https://arxiv.org/abs/2605.25624
https://arxiv.org/abs/2604.06126

APPENDIX / REFERENCE

Appendix: Systems

AGENT LOOPS + ORCHESTRATION FRAMEWORKS + EFFICIENCY

ReAct BrowserGym ecosystem

Interleaved reasoning and actions Shared environments and experiment tooling
MACU: Multi-Agent Computer Use Cua (open-source framework)

Orchestrating multiple computer-use agents Computer-use environments and infrastructure
GUM: General User Models FDM-1 (technical blog)

User modeling from computer activity High-frequency computer action modeling

100

Papers and technical resources for agent orchestration, personalization, infrastructure, and efficiency.


https://arxiv.org/abs/2210.03629
https://arxiv.org/abs/2606.01533
https://arxiv.org/abs/2505.10831
https://arxiv.org/abs/2412.05467
https://github.com/trycua/cua
https://si.inc/posts/fdm1/

APPENDIX / REFERENCE

Appendix: Products

OPENAI + ANTHROPIC OTHER PRODUCTS + RELEASES
Codex Computer Use (OpenAl blog) Grok Bot (xAl launch)

Operator (OpenAl launch) Gemini computer-use API guide
OpenAl computer-use AP| guide Muse Spark 1.1 (Meta release)
Claude computer use (launch blog) Navigator n2 (Yutori release)

Developing computer use (Claude blog)
Claude computer-use tool docs

101

Official product announcements, technical blogs, and APl documentation. Operator is a historical launch.


https://openai.com/index/codex-for-almost-everything/
https://openai.com/index/introducing-operator/
https://developers.openai.com/api/docs/guides/tools-computer-use
https://www.anthropic.com/news/3-5-models-and-computer-use
https://www.anthropic.com/news/developing-computer-use
https://platform.claude.com/docs/en/agents-and-tools/tool-use/computer-use-tool
https://x.ai/news/introducing-grok-bot
https://ai.google.dev/gemini-api/docs/computer-use
https://ai.meta.com/blog/introducing-muse-spark-meta-model-api/
https://yutori.com/blog/introducing-n2

02A / STATIC EVALUATIONS

Android in the Wild: Scale without end-state checks

15K multi-step prompts

toggle data saver in the
chrome app

Is It going to rain

tomorrow?

Demonstration processing

Sample from  Human executes
i i task on a mobile

Empty the shopping cart. Add
duracell triple a to the
cart, then select checkout

Go to google search bar and
clear search bar

—_—

Open calendar and show me
the second week of next
month

| Find the nearest electronics
| store that's open tomorrow

How much does a 3 bedroom
apartment rent for in
Portland?

OCRtext -

+ |.||“+ T

for each action: extract preceding screenshot and
pixel-based screen features

715K

episodes

5.69M

examples

30,378

unique prompts

EVALUATION CRITERION

Offline action matching

Scale buys coverage; the evaluator still matches recorded actions.

Source: Rawles et al., 2023, Fig. 1
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https://arxiv.org/abs/2307.10088

02A / STATIC EVALUATIONS

AndroidControl: Diverse apps, paired instructions

View_id_resource_name:"com. google.android..” |
bounds_in_screen { '
| left: 782
top: 1762
right: 950 |
bottom: 1888 !

\class_name: "android.widget.Button”
text: "OK"

content_description: ""

hint_text: ""

“Open Clock app" “Go to the alarm section” “Click on the add button® “Set hour to 6" “Click on the am" “Click on OK option” % 3 1
open_app <deskclock> click <188,2232> click <540,1959> click <541,1621> click <84@,759> click <866,1825> T 1
] Ul element metadata }

low-level instruction

| Ul action

Paired high- and low-level instructions separate planning from

Source: Li et al., NeurlPS 2024, Fig. 1

15,283

demonstrations

14,548

unique tasks

833

Android apps

EVALUATION CRITERION

Offline action matching

motor control.
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https://papers.neurips.cc/paper_files/paper/2024/file/a79f3ef3b445fd4659f44648f7ea8ffd-Paper-Datasets_and_Benchmarks_Track.pdf

02A / STATIC EVALUATIONS

AgentNetBench: An offline desktop proxy

traj1  traj2

'm Trajectory

trajn

eoef "= "

o)

§> Computer Use Agent Modeling )

Yoo
g ScreenVideo

video1  video 2

G‘E History Modeling

S Inner Monologue Modeling)

G@Observation @ git:ati?n
eflection

: low level \

Instruction

&80 _ L _EL_

e
i Realistic ..
Environment | | |
Evaluati

i valuation |

.

8

State-action
matching

g-5

+'%> oo

THought Act

rm Trajectory Data @ Save an arxiv paper

@ History Agent ﬁ

Step 1: click .;l> _\@,_, [<action
Step 2: write — <target>|
\ s

@Create a new Google Doc. B .‘ Reasoning
X 1 @Reasoning = &2 Acting
! b i
: | B8 Acting & & Reasoning
.. = ’Reasoning & Acting
!7 N &8 Acting 3000
[ ) oie
\_3000
(o= s eval
Task Instruction ®0

BENCHMARK STATS

100

tasks

17.63

average steps

2,143

total actions

EVALUATION CRITERION

Offline step matching

AgentNetBench turns human desktop trajectories into a fast offline proxy.

Source: Wang et al., NeurlPS 2025, Fi

. 2 (croppe

d
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https://arxiv.org/abs/2508.09123

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

WorkArena: Enterprise tasks with validators

WorkArena: Web Agents for Common Knowledge Work Tasks

[ES—

256 125 61

I Dashboard . Knowledge Base

En =

| = z
| 1
I Fretond ot P, Mostewas

g = -

Service Catalog

Browser

mouse_click(x=47.2, y=152.6)

— | User: show me
 AXTree flights from
HTML MTL to NYC
Screenshot
Observation
Action

Web Agent

page.get_by_label("Search").click()
Python (unsafe)
click(bid="103")

coord-based bid-based

BENCHMARK STATS

33

task templates

19,912

instances

ServiceNow

environment

EVALUATION CRITERION

Programmatic checks

Parameterized tasks make enterprise state validation reproducible.

Source: Drouin et al., ICML 2024, Fig. 1
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https://arxiv.org/abs/2403.07718

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

WorkArena++: Compositional enterprise workflows

BENCHMARK STATS
a s

@ @zl W eweies Amn £ prhene task hecrbes Wiemation £, 1 a s v 2 0
Praata Task
Reteeny e Ko
e | Upaem | O
Warte PlEGMRTS oty tow

* Cwmer  Cows Webir Swis  Clowsd Conpsn

Ansgred iy Oine Wabssr a||@ Pawrt
At
e mrgbon  Rations iarmation Fom e chart wih e £ SCATO!H1 (G830 aad parars foa meriired task For caladntans, paase wend et b | Q| B

Dmarghan  Tu) e 10 I S0 AT I 5 VMY AT Rk () T e pon Bk, T Uit o T rusmts of
Trtmars feTa evaha i sk AT e B rfTadioe, yox v b Shed ks 4% 1 % coTpicts @ bk,

T of e soport $CATE 1102000

Pl 1) B company wobaint Duiamed Ao iokorvaban wad Pekion Tash (eaind in e Corgany Frmeds’ ssbuign
s, compts the caartoard e eval ek

Preaws retsuve (9 Grustent rabkse of ol e kevs 1 shock

o Ko 10 it At B 1 $30K. TToo iy o T (MY S0 06 Gt Tl 1 T oy o 19
P roriaved s

O GO, O T G Tk rb T 10 N T PR v o T 1) 00K Gy 4. 00 T Mot et
P e w1 A Wkt and n ity i 1. You b % order 3 ors A Wkches

M Faestes komin § o Catabeg Wit hasiviag FCATRILIONSN)

@ Guilh

Tt repert

Cmiog with hahing ACATOH103600

P AT SRS Y A T 7 S i

[T

682

composite tasks

5

skill families

= 10

@ ayEd o s wewn e 1 [ caaywenn o ) a Sesech v 8 0
Sarvica Catsog » Loavw Laptsp > Moades > Galay Nots 38
Pcwent for Gabery Note 20 Crer i b
r e
e ‘
Carmacs Bhe14 UMD e mor 309 1649 ot cares
Dty 20 [ e
Oy e
Rase w8 s
[re— |
Precasten Fyens 060 it 0w Ace Cat
Srsewinaton
.
+ Cvess ve oo

M Frwctes Al

 Priate Task - Retrlese beformation .. 0 |

o company themes

EVALUATION CRITERION

Compositional end state

T ot tha rat SCATON122300

Paferg s compny prcioco Timioours Makress riamaation sad Perkorn Taek' (ocstes n e Corpary Pr
Josorhauinsh e

Composition converts atomic Ul skills into knowledge-work workflows.

Source: Boisvert et al., Neur|PS 2024, Fig. 1
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https://arxiv.org/abs/2407.05291

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

AndroidWorld: Parameterized mobile state

BENCHMARK STATS

116

n Simple Calendar Pro, create a task families
\.\' calendar event on
/ s {year}-{month}-{day} at {hour}h with
. 2 =) ' " the title {title} and the description
Android Emulator TaskEval . {{description]. The vent should lest 20
£ goal 4 {for {duration_mins} mins.
gen_random params 1 . app|ications
- 2 g N Pt —
AppS s?a%e e ;21:‘:}:;::?3;5]‘ D D D ‘ Add a location marker
o S mSe [" . _|for {location} in the
EE = G E (def teardown D C] [:] -} /OsmAnd maps app.
Be:» " *
: « O~ -
Q or APls % = : parameterized instances
116 Android & 92 g

MiniWob++ tasks

ﬁ’
[j@—...h

= . = o+ Ul tree

* [What incomplete tasks | EVALUATION CRITERION

System-state reward

Task generators and system-state rewards create repeatable mobile episodes.

Source: Rawles et al., ICLR 2025, Fig. 1 9N


https://arxiv.org/abs/2405.14573

02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)
MobileWorld: Cross-app, user, and MCP tasks
Agent User Interaction Task Example

MCP Tool Use Task Example

O . L . N O Check README from android_world GitHub repo 2 0 1
oD Send an email to Kevin with the message "Hello £ and send a Mattermost message to Sam about running
...... it on MacOS... tasks

Current GitHub MCP Tools:

s‘cree,n 1 did not find Kevin in contact app, I need to ask 50 0 gitHub create or_update file

H user what is the Kevin's email address. = gitHub_create repository 2 7 8
3 MCP Service 91tHub_get file °

: Action: ask_user 555

Text: what is the Kevin's email addres? s MCPs from Tongyi Bailian Marketplace
e

average steps

System Prompt:

Among the provided tools, I should use gitHub_get_file
You are acting as a mobile user. to fetch the README.md content so I can ... 0: 9 62 2%
o Action: MCP(gitHub get file) °
The relevant information for the args: {"owner": "google-research",
Ug}:’]éielm task is: Kevin's email address: "repo": "android world", "path": CrOSS-app taSkS
( -4.1) kevin_ zhang@example.com

"README .md" }

addr

! g TF: EVALUATION CRITERION

Simulated User

MCP Server
Response

: Programmatic + hybrid
Response g 31

Modern mobile use mixes GUI control, clarification, and structured tools.

Source: Kong et al., ACL 2026, Fig. 2 (cropped)
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https://arxiv.org/abs/2512.19432

02D / LONG HORIZON COMPUTER USE

MyPCBench: One person's cross-app digital life

184

© sprintboard.dunde.. SprintBoard - Jira @) © hangrydash... HangryDash - DoorDash tasks
© Hengnypash orters crans (oors) (ERD
| n 17
@ OO  © hoolimail.dundermifflin... HooliMail - Gmail @ © ©  © hoolichat.dundermif.. HooliChat - WhatsApp .
logged-in apps
= ad oo (O aa o + = Qg e —
o/ Compose £ b
P ° 9 * @O O  © hoolicalendar.du.. HooliCalendar - Google Calendar 680/
© i . 0
© voccetees B HooliCalendar  Todsy April 2026 Q 0wy Wk wonn screde (@)
- / multi-app tasks
[ Z=2 o '
o . Sttt
; ﬁ (2 y
- —— , HooliChat Web EVALUATION CRITERION
5 s e . - . Il o Il 4
P —— S oo Sycer oo | (R ° -

Per-rubric LLM judge

.........

One seeded identity turns separate apps into one reproducible digital life.
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Source: Jang et al., arXiv 2026, Fig. 1 (cropped)



https://arxiv.org/abs/2606.16748

02D / LONG HORIZON COMPUTER USE

WeaveBench: Hybrid GUI + CLI trajectories

. 114

BT tasks

Fil / Storage (4) Network / Security (6)

System & HW Service (7) \ Ul & Client State (5)

Weave
Bench

114 tasks

DevTools / Perf (4)

A - Profiling & Debug (6) %
_ I T T T T T T
® Pipeline / ETL (4) 0 ] 10 15 20 25 )

Switches

Desktop UL/ UX (7)

Scientific / FEM (4)

Number of tasks

s Observability (3 i i
b (b) GUI/ CLI channel switches per task median switches

Engincering Design (8)

— Debug Toolchain (5)

Realtime / Action (4)

DB / Service (4) ; 6

Game Engine & Runtime (5)
Cluster / Monitor (3)

, .
, k! median tool calls
Puzzle & Strategy (8) / / Print-ready Doc (7) K
— E
Print/ Color (3) —— Office Suite (5) ]
Suite (3 2

Visual Asset Workflow (7) ——— | L Markup / LaTeX (5)

EVALUATION CRITERION

Trajectory-aware judge

== WEB Web Frontend =m0 OPS DevOps mm DES Design = SPA Spatial / CAD
B DAV Data Analysis "8 DOC Document ™8 GAM Gaming  ®8 DSK Desktop OS

100
Tool calls per task

Outcome-only grading can overcredit agents that take invalid shortcuts.

Source: Li et al., EMNLP 2026, Fig. 3 %4
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