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01/ COMPUTER USE AGENTS

Computer Use Agents (CUAS)

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

BROWSER DESKTOP MOBILE

Shop across pages Edit files across apps Navigate screens and gestures

LT ENERERER (CUA)

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

ZH / P3GEX - 5 1/1 85

01 / i+ EHERERENR
THEHERERER (CUA)

JRPDF52/94 ™

CUA MESERHRNBFAFSRE (GUI) . PTENE, HRERETHAZK.

MSEes: FSTUEMEYD,
SRE: BNAREN.
BanrE: WREEHTFES.
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01 / &N (FERE R

MR, R, 1750
AFP{ES — A — CUA SR (R + aifF) — 1730, EtiiERSEmitafe

01/ COMPUTER USE AGENTS

Observe, Reason, Act

FHAIT,
W SR MERAES — B
/ ™\ WFRBERE, MERMERERH—IKEROBE N,
ENVIRONMENT OBSERVATIONS CUA MODEL INFRASTRUCTURE

input act

Reasoning + Action — Validate Action —

Execute
\_ J

Observe State —
Screenshot

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

WZR, H#EIE. 1730
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01 / THEHEFREREN
MER. B, 1T
BFES: EABEERT .

“BUY A BLUE MUG” CUA R "REIFRESTRE—NEENTF, Eente.
input ‘ aE: {"mouse": {"left_click": [33, 201]}}

ENVIRONMENT OBSERVATIONS ( CUA MODEL \ INFRASTRUCTURE Eﬁtﬂlﬁﬁﬁ gﬁiﬂfﬁ]{"ﬁ — H17,

“l see a blue mug on the
center of the screen. | Validate Action —

=) will click it.” Execute

{"mouse": {"left_click":

\[33, 20111} j

01/ COMPUTER USE AGENTS

Observe, Reason, Act

input act

MR, #EH, 1750 REEeNT

MAEIEL - 3 CMU B4 - I BITE - FURIERE cmu-agents.com Y& PDF4 | R 4


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=4

CMU Al AGENTS / thiExBBZ Sk [EPDF&5/94 "
7 - TTEN SRR
EN / ZEXERRR - (RFEE ZH / ®3OFEX - 5 1/1 89

01 / &N (FERE R

MR, R, 1750
BPES: "E1RenT .

T AR e IREWN: studio.shop / blue-mug; IE@&HF; $18 -2 1; HINEIGEYZE,
input CUAREL: "ELX(EEEFE. BemNamEk.

01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS 4 CUA MODEL N INFRASTRUCTURE aE: {"scroll": {"dy": 520}}
; “Delivery details are N s =
input act . . L . —'9 — 4
Z‘::"‘:’g ——> below. I will scroll — Validate Action — Eﬁﬂjlxjjﬁ H—LIIEEJJ«E y:l"ﬁB
iD . down to find them.” Execute
\{"scroll": {"dy": 520}} j

MR, HHE, 1730 BEEREER
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01 / &N (FERE R

MER. HEE, 173
AFES: "E—EEFRT .

e —— IMEWLN : studio.shop / blue-mug; FRIHXARYE); HPEERED; A ZIP code,
input CUA#EL: "3EZ ZIP 2, FemteHITmREmA. "

01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS 4 CUA MODEL N INFRASTRUCTURE E: {"mouse": {"left click": [65, 53]}}
“l see the ZIP field.
beiiiary simats _neut L will click it | =, Validate Action — Bt WEaE — 1T,
Postal code to start typing.” Execute
Enter ZIP code {"mouse": {"left_click":

\[65, 53]1}% j

M2, #EH, 1780 REHRERIDST=
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01 / &N (FERE R

MER. HEE, 173
AFES: "E—EEFRT .

— RSN . studio.shop / blue-mug; FRiHXIXRTE]; HRBERAD.
input CUARRL: "B ABIBYRELAEISEEEIN, "

01/ COMPUTER USE AGENTS

Observe, Reason, Act

ENVIRONMENT OBSERVATIONS ( CUA MODEL \ INFRASTRUCTURE E: {"type text": "15213"}
dio.shop / blue-mug ) MI '" t th ZIP . —_—— J—
Delivery estimate input Will type the oty Validate Action — Eﬁtﬂlﬁﬁ@ gﬁ'LIEEjJ'ﬂE — 1T,

Postal code COde to CheCk
(i ] delivery options.” Execute
{"type_text": "15213"} j

WMER, HEE. 1730 WABREYRES
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01 / i+ EHERERENR

% 145 studio.shop / mugs — mEHEENRF. @Mm: STUDIO / HERR;
HEMNRT $16; EEMT $18; IEBER $28,

5 2 & studio.shop / blue-mug — A&z, HEHRF $18 - 2&E 1; i&wINF
STEP 1 STEP 2 STEP 3 W%,

<o toses o 5 3 & studio.shop / blue-mug = A “15213" . BLXfh&E; HBBURED
15213 — X5 1.0, ESEI.

Blue mug
- i) i) — i) 15 - Quantty — Postal code oo 1 ] 0 -
ream ue mu, ue set , . ,— N . X . .
o) 15213 ] BB TERITS R, RS EER.

$28
Task success

01/ COMPUTER USE AGENTS

Observe, Reason, Act

STUDIO / Everyday objects STUDIO / Everyday objects Delivery estimate REWARD

click the blue mug m type “15213"

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

N e BB
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CUA BSE: InERES

FI(ERAREEATITE N TR,

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Toy Environments

Tell Anita Il "Orgi, sit magnis.” in

response to her email. AjElZ: 2017-2022 — 2022-2024 — 2025-2026 — 2026 &£ 9 H.
= MiniWoB: Shi %, ICML 2017 - MiniWoB++: Liu %, ICLR 2018 - WebShop
Learning to use greatl Alyson -  Yaois, Neurlps 2622
g g y ?urs.us.Od ¥
H - H urpis molestie..
§|mpllfled toy web caerin é
itudin. -
interfaces e Y
Marlee 3
Rhoncus. '
Nisl. Sed. Quis..
Geralda ¥
2017-2022 2022-2024 2025-2026 Sep 2026

MiniWoB: Shi et al., ICML 2017 - MiniWoB++: Liu et al., ICLR 2018 - WebShop: Yao et al., NeurlPS 2022
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01 / I EHEEFE R

CUA fEISE: RS

(ERELERHREEAES B,

BfElZz: 2017-2022 — 2022-2024 — 2025-2026 — 2026 &£ 9 H.,

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Toy Environments

-2 WebSh
eop WebShop: Yao %, NeurlPS 2022 - EAINEER
Shopping with

real products and
language goals

L
2017-2022 2022-2024 2025-2026 Sep 2026

WebShop: Yao et al., NeurIPS 2022 - Official environment demo
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01 / i+ EHEERE R

CUA &5 BEAVIE

MBS EREERNIMIRSH.

AiElEE: 2017-2022 — 2022-2024 — 2025-2026 — 2026 &£ 9 B,

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Environments

WebArena: Zhou &, ICLR 2024 - VisualWebArena: Koh &, ACL 2024

One Stop Market

° ° Beauty & Personal Care Sports & Outdoors Clothing, Shoes y Home & Kitchen Office Products Tools & Home Improvement
t O | e a I I st I c nnnnnnnnnnnnnnnnnnnnn ,Lawn & Garden  Electronics  Cell Phones & Accessories  Video Games  Grocery & Gourmet Food
b i t f One Stop Market

2017-2022 2022-2024 2025-2026 Sep 2026

WebArena: Zhou et al., ICLR 2024 - VisualWebArena: Koh et al., ACL 2024
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01 / i+ EHEERE R

CUA &5 BEAVIE

TEN (EX) SELIER.

AiElEE: 2017-2022 — 2022-2024 — 2025-2026 — 2026 &£ 9 B,

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Environments

OSWorld: Xie Z, NeurlPS 2024 - E 5 SAN4R

Full (realistic)
desktop workflows

2017-2022 2022-2024 2025-2026 Sep 2026

OSWorld: Xie et al., NeurlPS 2024 - Official overview video
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01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Envs and Data

MYPCBENCH -
. . . QI:W B
Realistic apps with - B =
. BT @
personal history i e
) " On @ T —
. 8 A © oo -
Explore mail, calendar events, e e
. . . A s @ e
and project issues in one = gone—
shared world. L

2017-2022 2022-2024 2025-2026 Sep 2026

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

CUA a5 BEREMESEYE
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01 / T EHLERERER
CUA B BERMESEHIE
MYPCBENCH

wma T ABEEERNESENA: EE—

A,

JRPDF % 13 /94 @

HRPIRTEMG. BBSEEFIIEE

AY[B)Z: 2017-2022 — 2022-2024 — 2025-2026 — 2026 &£ 9 H.

Jang &, 2026 - MyPCBench - RHIFEAEES (33 7))
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01 / T EHLERERER

CUA 85 BERMESHE

CUA-WORLD

HsLiXf, BSLESS: mACHASIENESLESHE L EERGT.

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Realistic Envs and Data

CUA-WORLD o
f BYElZ: 2017-2022 — 2022-2024 — 2025-2026 — 2026 F£ 9 H,
é nnnnnn

Real software, o ° Aggarwal &, 2026 - Gym-Anything / CUA-World

realistic tasks

Specialized desktop software
with loaded data and realistic
tasks.

2017-2022 2022-2024 2025-2026 Sep 2026

Aggarwal et al., 2026 - Gym-Anything / CUA-World
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CUA fajs8: BIsCHFR AR

GPT-6 ASTRA

BeaE. BEMR, B JEE) BE.

hEZE: 2017-2022 — 2022-2024 — 2025-2026 — 2026 & 9 A,

01/ COMPUTER USE AGENTS

A Brief History of CUAs: Real World Use

GPT-6 ASTRA

Koh, 2026 £ 9 B - What' s the Point of Computer Use Agents? -
OSWorld 2.0 SolveSpace &7~ (30 {ZiE)

D D D

Very capable and fast,
still (very) expensive.

)
A
P
|
o |

L
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)

CUA E58: IsCH5RRYER

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF1S | e 15


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=15
https://jykoh.com/blog/whats-the-point-of-computer-use-agents/

CMU Al AGENTS / HZE3J8BZ S kR JEPDF %16 /94 TR
= 7 1 - ITENE SRR

EN / ZEXERRR - (RFEE ZH / ®3OFEX - 5 1/1 89

BEESTHE

Benchmarks & Evaluation
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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.

AT ERII?

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

PROCESS

Did it respect the
constraints?

No checkout; no unwanted
changes

17
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02 / Hiff

tAFERIN?

E—MES A LUEE ZFAE D Ui,

E: ERBRE S BiR? HRIEENL / 1=,

ZR. WHEEREEERER? —INSIQESGEHEFIRT,
T2 BREET TAR? RGN, AMEARFRERTERL,
THhEsN SN ERYEE/I1HITE,

JR PDF 5 17 /94 @
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02 / Hiff

i

NI ERE [ FE A EE BRI TEAR.
02A 88751HE: EEEWN_EFRU— a0,

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02B SHEIHTE (MR) : BN EEMIES.
Static evaluations End-to-end evaluations (web)
02C imZlimitlh (RE. %)) @ BNANRIRESTRIES.
Predict an action on a fixed observation. Complete a task through browser interaction. .
02D KESEITENER : BRI TIERPITEdEH,
02¢ 020 KRS R R miTE T E2IR IR E.
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
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02A / STATIC EVALUATIONS

S . XA S EIERANS?
15 B—NMETF $20 WEEEMRFIINEIE. FAEWE,
#&: studio.shop / mugs,

Static evals: Was this action correct?

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

SCREENSHOT REFERENCE RULE STEP SCORE SEMN: (X, y) € BHTiE,
udieshon e (x, y) (= target box 1 0 XﬁﬂziEi_F;EE"JEM’F @EEE*ZJ_‘\ }§%1fﬁ$uiﬁ)\{ao
i) - - ° SBIESS: 1.0; [EfSTmE / S8, NafTaREhiE.
For recorded actions:
Match target, operation, correct point / step — N EREZBARETERES.

and Input value. No environment rollout

H/ER: ScreenSpot-Pro - Li &, 2025; Mind2Web - Deng &, 2023;

A correct step is not a completed task. AITW - Rawles &, 2023; AndroidControl - Li &, 2024,

BENCHMARK EXAMPLES
ScreenSpot-Pro - Li et al., 2025 Mind2Web - Deng et al., 2023
AITW - Rawles et al., 2023 AndroidControl - Li et al., 2024

27

FSIHE . XA FIERANS?
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02A / STATIC EVALUATIONS

ScreenSpot-Pro: Grounding in professional Uls

2560 x 1440 1'581

(32.4%) cAD o Creatve

5120 1
(3.9%)

screenshots
Others
2.9%) /
2560 x 1664 / 23
(3.0%) i
3840 x 2160 3456 x 2160 {
(17.0%) Resolutions I3:130 sci i app lications
\

5120 x 2880
(4 4%)

3

2880 x 1800
(5.2%)

2160 x 1440
(6.4%)

operating systems

3456 x 2234
(10.2%)

(a) Software categories and the number (b) Resolution distribution. (c) Results of representative GUI
of tasks. Grounding models across 6 categories
of applications.
Point / region matching

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

Source: Li et al., 2025, Fig. 1 20

ScreenSpot-Pro: EIREFHIENL

PMAFEIFEN - 3F CMU BTFIER - FERIZARC - FIAEREEE cmu-agents.com

ZH / 3GEX - 5 1/1 8B

02A / BTG

ScreenSpot-Pro: EIFREHHIENR

ST 1,581 SK&EE; 23 M 3 MRMERER.
s =/ XIEPLEL,
SRR REEEUASSHK
iR Li%, 2025, &1

g AVE=Y
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02A / STATIC EVALUATIONS

ScreenSpot-Pro: E\FREFHIEN
55 M UV BRIKRTE.

ScreenSpot-Pro: Grounding in professional Uls

Construct a UV sphere mesh.
#.& / Blender,
SCREENSHOT / BLENDER I GROUND TRUTH BXtnt: FIRGESIRFRIE (417, 132)-(576, 152); rRUBHEERN =1, JRiA

E{&A/)\: 2560 x 1440,

Li &, 2025 - ScreenSpot-Pro, blender windows 1

Ay =3 o.®0QNUG E

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

Point inside = 1
Original: 2560 x 1440

Li et al., 2025 - ScreenSpot-Pro, blender_windows_1 29

ScreenSpot-Pro: EIFEFAIEN RS

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF21 | Jm 21


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=21
https://huggingface.co/datasets/likaixin/ScreenSpot-Pro

CMU Al AGENTS / BhZExBBZ SR J[RPDF 522 /94 TR

5B 7 - TR ERERER

EN / ZEXERRR - (RFEE ZH / ®3OFEX - 5 1/1 89
02A / g5 g

02A / STATIC EVALUATIONS

: i . Mind2Web: ESFITHIREL:S
Mind2Web: Offline generalization across the web eREn BB LR

e EOESET: 2,350 ™MESE; 137 AN 31 Nl
—— e i | =] 2.350 TS B FICEL,
e S - o B TSRS R —EE.

Be =T 137 ki&: Deng 2, NeurlPS 2023, &1

) ‘ ) websites
(b) Book a roundtrip on July 1 from Mumbai to (c) Find a flight from Chicago to London on
London and vice versa on July 5 for two adults. 20 April and return on 23 April.
domains

- - T o i EVALUATION CRITERION
Please selact an appointment type below.

Offline action matching

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

Source: Deng et al., NeurlPS 2023, Fig. 1 =

Mind2Web: FEMNIGHIBRLZZL
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02A / STATIC EVALUATIONS

Mind2Web: FERTRIESLZZ1L
£55: 4 B 9 BZ 15 HEALNHESH—FRXFEZE,

Mind2Web: Offline generalization across the web

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

ICRELE] / United,
RECORDED SCREENSHOT / UNITED GROUND-TRUTH ACTION Eg‘giﬂ,ﬂ; ,‘f—\'_'fﬁ CAR *ﬁgﬁ' {E 96’ ﬁ% bOOkCarTabo
CLICK I BiRTcRtRE, NEiTESHIL,
Target: CAR tab 3 e
gl Get 1,000 bonus Value: none THEfREESCHAR,

miles when you
book with United

Deng 2, NeurlPS 2023 - Multimodal-Mind2Web, i/l

=Sl

Jun09 - Jun11 1 Adult

Element: bookCarTab

Economy
ez (B Match the target element
and operation. No task
rollout is performed.

Ground-truth target outlined in red

Deng et al., NeurIPS 2023 - Multimodal-Mind2Web, training example 31

Mind2Web: B34/ Ta{ESS =451
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02 / Hiff

i

NI ERE [ FE A EE BRI TEAR.
02A 88751HE: EEEWN_EFRU— a0,

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02B SHEIHTE (MR) : BN EEMIES.
Static evaluations End-to-end evaluations (web)
02C imZlimitlh (RE. %)) @ BNANRIRESTRIES.
Predict an action on a fixed observation. Complete a task through browser interaction. .
02D KESEITENER : BRI TIERPITEdEH,
02¢ 020 KRS R R miTE T E2IR IR E.
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
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02B / imElimiFl (RR)

BFURES: HEREHFIRS

155 B—NMETF $20 (UESHFIIAEYE, FEWE,

BAEMNFIAZ: studio.shop / cart; TEENF; $18 - HE 1, EEWYZE.

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

Programmatic state: Test the resulting world

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

rINAL AP STATE EXECUTABLE CHECKS TASKREWARD BIH{TIREE: cartitem == blue mug; cart.price < 20; orders.count == 0;
studio.shop / cart assert all(checks),
i) Blue mug o [T - PASS E5532m: @id; reward = 1.0; EUEE / U4 / MR,
e T reward = 1.0 ERATESERER, EESNAATRER.
assert all (checks) Database / file / app state E A WebArena - Zhou £, 2024: OSWorld - Xie £, 2024

AndroidWorld - Rawles &, 2024; WorkArena - Drouin &, 2024,
Repeatable and precise—but only for conditions the tests cover.

BENCHMARK EXAMPLES
WebArena - Zhou et al., 2024 OSWorld - Xie et al., 2024
AndroidWorld - Rawles et al., 2024 WorkArena - Drouin et al., 2024

36
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02B / END-TO-END EVALUATIONS (WEB)

WebArena: Reproducible sites, executable goals

oo

HELT

Web applications from popular domains

NP DY

-

Tool Sites Knowledge resources

WebArena Environment J

Feedback

M
) Tell me how much I spent or

food purchase in March 202

)

u Create a "NolanFans’ repo,
listing Nolan's Oscar-winn
films in a README file

3 ”
ing
”

X

Functional
Success

Functional
Failure

812

long-horizon tasks

4

self-hosted domains

functional

success checks

EVALUATION CRITERION

Programmatic end state

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

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

WebArena: afSIIMNuLSaI#ITER

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

26

ZH / 3GEX - 5 1/1 8B

02B / imZhmiEE (MR)

WebArena: sJSIMuGSEIH#1TEIR

J= PDF 55 26 / 94 T

B 812 MREJIEES, 4 T BEIEEWRE, REMEAIIEE.

TR RS,

TSI BERERS, MARNE "BEkEEIER" .
SEE: Zhou £, ICLR 2024, E 1

SUE PDF 26 | [RIT 26


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=26
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02B / END-TO-END EVALUATIONS (WEB)

WebArena: Reproducible sites, executable goals

TASK: Create an empty repository named awesome_llm_reading.

OFFICIAL DEMO / CREATED PROJECT

W By m_re: x |+

£\ You can't push or pull repositories using SSH until you add an SSH key to your profile. X
PECESTE  Don't show again

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

@ Deployments

@ Packages and registries
@ Project 'awesome_lim_reading’ was successfully created. x
@ Infrastructure

awesome_lIm_reading ®
. Analytics A =i 9 Qa frStar | 0 Fork 0
V! Project ID: 199 (3
Wik .
Hivad o 1Commit ¥ 1Branch ¢ 0Tags EJ 61KB Project Storage
X Snippets
@ settings e Inital commit dlade3ta
*  Byte Blaze authored just now
awesome_lim_reading / | + v Find file Web IDE & v Clone v

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

WebArena: fERAIGUERSRI

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

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.

J= PDF 55 27 /94 T

ZH / 3GEX - 5 1/1 8B

02B / imElimiFl (RR)

WebArena: BIEIMiLESEIHITEIR

5% CIEE—1 8 awesome |Im reading IZ= G,
BEZiEx / BelEmE.

TEFALISIERE: name = task.project name; p = "/byteblaze/";
page.goto(GITLAB+p+name); html = page.content(); reward = int(name
in html.lower()).

BERYES 476: 7£HIR URL I8ERFR, MOBECERENZT.
Zhou %, ICLR 2024 - EFEDR + 1E55 476 / program_html 1F{42§
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https://github.com/web-arena-x/webarena/blob/main/config_files/test.raw.json
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02B / END-TO-END EVALUATIONS (WEB)
VisualWebArena: Vision is part of the task

= =

FomSw— “Help me make a post selling 9 1 O
~~N\C === this item and navigate to it.

Y = el tasks

] aQ.. Price it at $10 cheaper than the

e = s most similar item on the site.” .

- B . ‘..

osClass reddit  OneStopShap ' = 3

,,i',,', ) self-hosted sites
N D

Knowledge Resources + Tools — L
% Suatasy U m =

Webpage Task Specification
EVALUATION CRITERION

Multimodal + end state

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

LLM/VLM

Agent

| “Buy the cheapest color photo G 25 ° 2%

printer and send it to Emily's

Al place (as shown in the image).” click image-input tasks
[1602]

VisualWebArena Sites

Visual understanding changes which tasks are even expressible.

Source: Koh et al., ACL 2024, Fig. 1 28

VisualWebArena: 2 (FEH9—E85
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02B / imZhmiEE (MR)

VisualWebArena: i 2{ESH—E85

J= PDF 55 28 / 94 T

S 910 MES, 3 M BERENL; 25.2% RIESFEEGEA.

THEIE: SIS + BRIRE.
MRS NS EEs i RIA K,
SE: Koh 2, ACL 2024, B 1

SUE PDF 28 | [RIT 28


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=28
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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

Blue mug
$18- Qty 1 -

In cart

PASS

“The visible cart meets

v Blue mug present
v Price below $20 -
v No purchase shown

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

LLM / VLM 1. FGIEE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

the requested criteria.”

40

JR PDF 5 29/94

ZH / 3GEX - 5 1/1 8B

02B / imZhmiEE (MR)
LLM / VLM i#): FEEIEE
15 B—MET $20 NIEEMHRFIINEIE, FEWL,

WUMRESE: studio.shop / cart; IEE@IHT; $18 - #E 1, EAEWYZE. IHEEGE
#HE + shERSE.

LLM / VLM + FESMN: v BREWFEE, v MEET $20; v REZRWE. ¥
SR — iHE — FE.

AE: B, "INANWYERSIMERARE.
RIGHNHETFAIFERA TSR,

EDfERA: WebVoyager - He £, 2024; Online-Mind2Web / WebJudge -
Xue %, 2025; CUA-World-Long - Aggarwal &, 2026,

SUE PDF 29 | [®ET 29
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https://github.com/OSU-NLP-Group/Online-Mind2Web
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02B / imEllimiFft (FIDT)

WebVoyager: FH=\ERAISERTRITIESS

EEST: 643 MESS; 15 NELETMEL; FHESATH—EER 85.3%.

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

WebVoyager: Live web, open-ended outcomes

BENCHMARK STATS

643 AR VLM 3EH),
User
h ht: d b ion... tasks _
= N " i e sl BT LT, ATEEUE T,

&Zo o) 15
1R 40\% Thosht i /7/ \ live websites ;E;E He %' ACL 2024' 1

Screenshot (Image)

Available Websites
N ®) SR
Fr'e Y& (Yo 85.3%
: : : \ * BB e E [Ble]c judge-human agreement
Web Elements (Text) > Observation Action \ P
?a=9D
[2]: <input> "Search Amazon" J \ — }

VLM-as-judge

Realism rises; reproducibility falls.

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

WebVoyager: FFRTUERRISCATRITUESS
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02B / inZlimiFs (M)

WebVoyager: SCRRub STREEER

£55: K GitHub ESRZXMRISIEZHEHERTILINE.
BRI / GitHub #2R,

PUBLISHED TRACE / GITHUB SEARCH VLM JUDGE INPUTS VLM i:lZ;ﬁ”Eﬁ)\ EE% as %gg@% + EEiiE k EK@’ ia%ﬁg@%
resource-watch/ resource-watch: 63 ¥ni&E.

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

WebVoyager: Live web, open-ended outcomes

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

Task + final answer

0 1 2 3 4 5 6 - ————.
O Product Solutions Open Source Pricing climate change data visualization Sign in ‘ Sign up
— + last k screenshots e Ay N " = N
- : eSO EIEEARE] "RIh” 8 “ARID” .

Filter by 193 results (248 ms) ! Sort by: Most stars ~ ...}

T .
"H;.S‘:‘ie................-:.j - — Recorded answer XEHRSHTE, AMLEHE] GitHub HE.

H Repositories 2830 ' W [ o en ateE fanh ares hundreds of | b=====4 ) . R

g data s all I one plce o he st i e resource-watch/

T 1 of the planet’s resources and citizens. [ R resource-watch: 63 stars He %.E , ACL 2024 - Eﬁ?ﬁalﬂ GitHub--0 Enﬁ'—ﬁ E Ejﬁ;ll{ﬁ%%

1 ‘PR Wikipedia H
t P Vewtepe 1 .
""""""""""""" Judge checks the evidence
& and returns SUCCESS or
NOT SUCCESS.
Historical trace, not current GitHub rankings
He et al., ACL 2024 - Released GitHub--0 trace and automatic evaluator 43

WebVoyager: SCRSMuLSFHRTERRAI

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF 31 | I 31


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=31
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02B / inZlimiFd (RR)
02B / END-TO-END EVALUATIONS (WEB)
: . L , Online-Mind2Web: SCRIRIiGHSREAEE
Online-Mind2Web: Live sites expose benchmark drift e AMEZAIEss SR 2l

BBt 300 MESS; 136 NEERTMEL; WebJudge S ATHI—EER ) 85.7%.,

1001 mmm WebVoyager (Self-reported) A7 = N AR
[ Online-Mind2Web (Manual Evaluation) 89% 87% 300 EF{E*U‘I& AI + LLM 1:|:#:‘J°
tasks = OGS ST S H A RS 4\ BRI\
% ‘\ -26% | *ng;&EEEIjE*g ] ﬁﬁlSF#UEEmEEEng 7’k&E’\J_-I\:ILBJJ )
9 61% @ 1 36 N =1
o 60 34 \ 99% iy 2N [ 2 S BU
\‘ =9 SKE: Xue %, COLM 2025, B 1 (380)
X 3% |
9 Eekhl 4
3" 31% : \ m 85.7%
[29%] 28%
WebJudge-human agreement
20
0 SeeAct Claude Claude Agent-E Browser Use ~ OpenAl Operator 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

Online-Mind2Web: SCHYMubme St i =g
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02B / imElimiFl (RR)

ANIEZ: FREREHRIER

155 B—NMETF $20 (UESHFIIAEYE, FEWE,

SR studio.shop / orders; HEEIHF; $18 - #&E 1, 1TREIER,

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 WINTEWZ: EZE A BT, E%E B ¥,
e O O FAIL TR KW, ITRWANEEERRETREIENWE, RIBEHEHRRD I,
Bl s -y o
B -~ R - ATSHAIEESTS, WREH BRI,
B QuT Reviewer A Reviewer B Order confirmation shows
Sree L a forbidden purchase. HERff|: WebVoyager - AT 1o 51 FHIELT - He &, 2024;
Resolve disagreement using evidence Online-Mind2Web - AI1:13_‘§|—3§1:§ - Xue %: 20250

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

41
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02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02A 02B
Static evaluations End-to-end evaluations (web)
Predict an action on a fixed observation. Complete a task through browser interaction.
02C 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.

34
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02 / Hiff

i

NI ERE [ FE A EE BRI TEAR.

02A 88751HE: EEEWN_EFRU— a0,

02B imRllimiTfh (W) : BENREERRRE TS,

02C inElimiHE (RE. B3 @ BNANRFERESTHES.
02D KESEITENER : BRI TIERPITEdEH,
KA SR EmT s REI NI REE.
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02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

OSWorld: Real desktops, custom end-state checks

369

tasks

9

applications

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

custom

task evaluators

task initial env state setup

Task Initial State Setup Config

al chil
et ‘“_i EVALUATION CRITERION

Virtu:
B s
reenshof a ~tree ‘ .o
Sy ; 2 Final State Custom end-state checks

X -

= ol <>
Task Instruction _input Agent pLo FU i
(See examples above) (e.g., GPT-4V) K J}mp!‘e?—l_,u .... = . - -_ ol

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

Observation ‘
sc

Source: Xie et al., Neur|PS 2024, Fig. 1 35

OSWorld: ELRESEHRIIIEZNSIEE

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

ZH / P3GEX - 5 1/1 85

02C / imZlimi¥ft (RE. #5)

OSWorld: EXRHESEFINELRINGINE

HEFIT: 369 ™MES; 9 MA,; BIUESEAEEHIThES.
HhingE: EFNRESINSIRE

BIUES A IREEENE T EN ARSI E.

kg Xie 25, NeurlPS 2024, & 1
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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

o

@ ] . compare_table(
. v - cAAN AL A E-E. AR BEE Q-PO0 BB 2
6 anms 10pt BZIV-AG-EE32 7+4= -8B B on = Saved_WorkbOOk,
JiE S ,‘ ‘ e : il gold_workbook,
e Bookkeeping simple : rules
Description Category Type Amount Balance
; Office Supplies Purchas» Office Supplies Expense -150 850 w )
Bl ¢ Client Payment Receiver Sales Income 500 1350 °
s Internet Bill Utilities Expense -60 1290
a s Freelance Services Services Income 300 1590 fu
Rent Payment Rent Expense -700 890 | Reference CheCkS
Software Subscript Softw Expens -100.} 790
il e = TeEy TE0307 | A1:E8 unchanged
P = ——— E -3670 _ §3066,93
o s 51 i C9:C13 expense labels
- B Expense -154.06 -3226.(I[ .
; Expense 81 323424 Amounts + running balances
© " N !' k
— : D9 = -186.93
Xie et al., NeurlPS 2024 - Fig. 1 + bookkeeping task 8e116af7 48

OSWorld: EFMKFZTIEE
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02C / inElimiHE (RHE. %)

OSWorld: EXRESEFNSRZINGHE
155 RGP IBHEEFTICIKERE.
KEM / EFRENIIES

Y T
N
1=>o

JR PDF 5 36/94 @

2EHE + N compare table(saved workbook, gold workbook, rules),

2E0E: ALE8 RIFAR, C9:C13 NEARE, 8 + RitRE.

D9 = -186.93; E9 = 603.07,
Xie %, NeurlPS 2024 - B 1 + iCW{ESS 8el116af7
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02C / END-TO-END EVALUATIONS (DESKTOP, MOBILE)

: . WindowsAgentArena: ZHUERI Windows iF
WindowsAgentArena: Windows at cloud scale indowsAgentArena: z=HURAY Windows F¥fa
R 154 MESS, 11 NMER, 20 DHFTHAE.
154 e FERUREZIRE.

ek FHTEIMTUS RN BRI A RET .

WINDOWSAGENTARENA Initial conditions  Individual task instructions AAzure cloud parallelization
Real Windows OS environment | | Look up a flight from Mumbai 1 1
(BOM) to Stockholm (STO) that Reason s S .
.. departs next Monday. - N ;E;}E 5 Bonattl %, 2024, 1
y ‘ programs
.. Make a shortcut \"ctrl+)\" to move b
cursor focus from terminal to ‘ —
editor in VSCode / \ H
= A G 20 min
="y - - agent
— Make the line spacing of first two Ay @ EE
@ n - @ 6 paragraphs into double line Eatiis - HR parallel sweep
" spacing Observe
L

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

WindowsAgentArena: =HEAY Windows 34

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF 37 | B 37


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=37
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02 / Hiff

i

NI ERE [ FE A EE BRI TEAR.
02A 88751HE: EEEWN_EFRU— a0,

02 / BENCHMARKS

Benchmarks

From predicting one action to completing extended workflows.

02B SHEIHTE (MR) : BN EEMIES.
Static evaluations End-to-end evaluations (web)
02C imZlimitlh (RE. %)) @ BNANRIRESTRIES.
Predict an action on a fixed observation. Complete a task through browser interaction. .
02D KESEITENER : BRI TIERPITEdEH,
02¢ 020 KRS R R miTE T E2IR IR E.
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.

38
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02D / K<BIFEHENER

Ba / kG EiESERSIIRE

155 B—NMETF $20 (UESHFIIAEYE, FEWE,

SERITE: 1 click(mug); 2 click(add to cart); 3 click(place order),

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 FEEE: RSEE v BRIER; IEEE X R4ETHWE,
STATE CHECK sy = = N SNy sdegm—s
1 click(mug) REFIE: K. RUZERITFDIRESREX—EMITA.
v Correct item FAIL .
2 click(add to_cart) = - MRIEER TESER, NEEUSEINZTIERER.
PROCESS CHECK
Outcome-only grading = /F . Eh SRR . | . ) s
3 click(place_order) X Purchase was made could miss the violation. EHEPl: WeaveBench - HUINBAIPFH) - Li &, 2026; OSWorld 2.0 - {E5552hk

+ BIRRIZ £ ELF, 2026,

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

55
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02D / LONG HORIZON COMPUTER USE

Odysseys: Long-horizon tasks on the live web

BENCHMARK STATS
Example Odysseys Task (8 rubrics)

Plan a trip to a Palm Springs wedding — search round-trip flights PIT—»LAX & PIT—PSP, 200
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.)

Search flights PIT — LAX & PS. me LAX — PS Find hotel near LAX Rent a car at airpor Write itinerary on CryptPa
Score: 88%, 7/8 rubrics satisfied 1 00

/ RI: PIT—LAX non-stop flights scarched, best opened / RS: Carrental listing with vehicle type & rate . .
steps - main evaluation cap

/ R2: PIT—PSP flights scarched, best opencd X R6: Soban & Holbox detour feasibility asscssed

/ R3: LAX-PS drive time & 9—4pm window asscssed / R7: CryptPad day-by-day itincrary document created

7 R4: LAXvs PSP compared, airport recommended 2 RS: Final intograted 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. |ang*, Koh*, Fried & Salakhutdinov, 2026. 40

Odysseys: SCRYRITT_ERHSEIFZ(ESS

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

J= PDF 5540 /94 @

ZH / 3GEX - 5 1/1 8B

02D / KAt EHER
Odysseys: SEATRITT_EAVKEIFRESS

Efgt: 200 MENREES STISTS 6.1 NEHINRE; TEMAL
R 100 .

THEImE: ETIFOMNET LLM 17,
THMEENTIERPIEE, MARRERE—KEE.

Odysseys: Benchmarking Web Agents on Realistic Long Horizon Tasks,
Jang*. Koh*_ Fried 5 Salakhutdinov, 2026,
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02D / LONG HORIZON COMPUTER USE
Odysseys: Score progress across the whole trip

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

- dEas . >
A E 5
Flights Drive window Hotel if needed Car rental CryptPad itinerary
RUBRIC CHECKPOINTS / PUBLISHED ILLUSTRATION
R1 Compare PIT-LAX flights Ve RS Open a priced car-rental option Ve
R2 Compare PIT-PSP flights v R6  Evaluate both restaurant detours X
R3  Check the 9am-4pm drive window e R7  Create an editable daily itinerary V4
R4 Recommend LAX or PSP Ve R&  summarize the complete trip plan Ve

7 / 8 satisfied = 0.875 average Perfect completion =0.0

Jang et al., 2026 - Published trip-planning illustration; rubric text condensed 57

Odysseys: HEANMTIEHIFE

PMAFEIFEN - 3F CMU BTFIER - FERIZARC - FIAEREEE cmu-agents.com

JR PDF % 41 /94 @

ZH / 3GEX - 5 1/1 8B

02D / <HIFEIH EHEA

Odysseys: BEMTIETLHE

155 AN —EREFIRSIELATE, (LR, AHEITRER.
1TREMNER: Mt BENBEN,; YENTUTEE, %, CryptPad {7123k,

FEDIRES / B R1 LR PIT-LAX fin¥f v; R2 tv# PIT-PSP fiff v ;
R3IWELF 9 RETH 4 RINEBZEREEN v; R4 #EF LAX 8 PSP v; R547
F—MrBEMISHIFEZEEIT v ; R6 TMEMKETSATI®E x; R7 QIEARENS
HiT5E% v, R8 REZEIRITITHH v.

8 INPiliE 7 I = F1Y53 0.875; Fe3£5ehk = 0.0.
Jang F, 2026 - EAMANTIENNITEE, TN AL ESS
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02D / LONG HORIZON COMPUTER USE

OSWorld 2.0: Hours-long workflows

Submit an Expense reimbursement claim by following the tutorial, collecting evidence from
# GMailand " local files, verifying charges in Bank, and preparing valid supporting documents.

{Read Tutorial PDF

CGatdetines o Overvem Travel Bebmbemsement

[ASK USER)

~|incorrect passenger.
Should | reimburse this?

108

workflows

S 1.6 h

median human time

318

average agent calls

EVALUATION CRITERION
°

Partial + binary checks

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

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

OSWorld 2.0: #48UNgRITIER

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

42

ZH / 3GEX - 5 1/1 8B

02D / KASFEITEH{FEF
OSWorld 2.0: #FH&8U N TIER

gt 108 NIIER; ATLSSAETEISEE 1.6 /N\BT;
318 /&,

TR EB
BN RERERFRENAS. AN CAVERFOSGIE,
3¥R: Yuan, Zhou, Xiong &, 2026, E 1

DIRE + ZITaa,

JR PDF 55 42 /94 @
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02D / AR EHER

OSWorld 2.0: {4 1F1E{A e gEA
F55: 38— FreeCAD 71228, HESHES5TIEEITERY STEP #&=EY,

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.
SETF2[E / STEP 27; SHt&EEY / STEP 251,
REFERENCE DRAWING / STEP 27 EXPORTED MODEL / STEP 251 Yuan, Zhou. Xiong &, 2026 - BEF5 Task103 £z=5 (FED)

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

OSWorld 2.0: {4113 RIBEASLERf
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02D / KASFEITEH{FEF
OSWorld 2.0: 7£ SolveSpace H#EEEH
5 RESEVSPFHR IS REINNEY, AEEBERFA SolveSpace

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

02D / LONG HORIZON COMPUTER USE

OSWorld 2.0: Modeling a part in SolveSpace

Koh, 2026 &£ 9 A - What' s the Point of Computer Use Agents? - GPT-6
Astra J&7~ (30 fZ1X)

$90:

P Db

&

-
B -
®°
=
B8

Koh, Sep 2026 - What's the Point of Computer Use Agents? - GPT-6 Astra demo (30x) 44

OSWorld 2.0: £ SolveSpace HEEiEZE A4
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02D / LONG HORIZON COMPUTER USE

CUA-World-Long: One hard task per software

. . 200
Hec Engm.eAerl’ng Design Enterp S~
DY v >500
- - .o steps often needed
Science Finance GeoScience Educa 8

R T

L S T e (s quality criteria
"‘ i \13:4 TREMEL Em
: __\w: ¢ Sy !z;:x:{‘\‘ EVALUATION CRITERION
I B ol "

Checklist VLM verifier

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

Source: Aggarwal et al., 2026, Fig. 1 (cropped) 45
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02D / KEJFEHEHER

CUA-World-Long: SMRHZE—TIEMEES

ST 200 KRS, BEFEEY 500 £, 8 RENE,
TRfEiRAE: BRI VLM IESE,

BN AN —IUSES T LIS RE L S WS RIS,
S| Aggarwal &, 2026, &1 (F%)
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03 / #i&

VLM RIER R BT E
3 0L ETY: Bir "BWL—MET $20 EEHRF" + &E 0,

03 / MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 0

“Buy a blue
mug < $20” »

GOAL SCREENSHOT 0

64

VLM #RIER T SEFT = E
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03 / £t

VLM R 5 SEFREE

B0 LMNETX: BiF "WE—MET $20 NIEEHF" + BE O,
sHE 0: click(xo, Yo)a

A VLM predicts actions from visual history

CONTEXT AT STEP 0

“Buy a blue
mug < $20” »

GOAL SCREENSHOT 0 l

o (ap | goal, og)

ACTION 0 click(xo, Yo)
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03 / &g

VLM HRIEL 5 B E

BENE 0 RINEIFILE,

Bix + #E 0 + aF 0: click(xo, yo).

03 / MODELING

A VLM predicts actions from visual history

APPEND ACTION 0 TO THE TRAJECTORY

“B | e .
g igzuo% » [ click(xo, Yo) } REIFTNRIEIE O: click(xo, Yo).
GOAL SCREENSHOT 0 l ACTION O

o (ao | goal, og)

ACTION 0 click(xo, Yo)

66
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03 / ##t=

VLM RIER T BTN E
B 1ENETX: Bif "WE—MET $20 NIEEMRF" + &E 0 + aF0 +

03 / MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP 1 #HE 1,
oy 2 e — #E 1 HE7= studio.shop / blue-mug; E&EHF; $18-HE 1; HINZEIEY
mug < $20” » click(xo, yo) i) %,

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 sE 0: click(xo, Yo),

779(0’1 | goal, og, ao, 01)

67
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03 / &=
VLM RIER R BT E

£ 12MLETX: Bin "BWE—MEF $20 (UEENT" + #&E 0 + afE 0 +
CONTEXT AT STEP 1 HE 1.

#[E 1: studio.shop / blue-mug; IE&HF; $18 - #HE 1, HFINEIWHIZE,

03 / MODELING

A VLM predicts actions from visual history

“Buy a blue ) Blue mug
mug < $20" » click(x, yo) B
aE 0: click(xo, Yo),
GOAL SCREENSHOT 0 ACTION O l SCREENSHOT 1 _ .
E 1: click(xs, y1),

779(“1 | goal, og, ao, 01)

ACTION 1 click(x4, y1)

68

VLM tRIERT L SEFUNEE: 5 12

AAEIEY - I CMU EFIEA - FBEHCTIRE - FUSIRASRE cmu-agents.com 94 201 | Lt


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=51

CMU Al AGENTS / HZE3J8BZ S kR JE PDF 852 /94 TR
= 7 1 - ITENE SRR

EN / R EHSRR - (RIFREF ZH / P3GEX - 5 1/1 85

03 / #&t&
VLM tRIERTE 5 SEFEE
BafE 1 3 00EIHUTE,
Bfr + &E 0 + a0{F0 + &E 1 + aE 1,
:E:jg i?lz%% ) click(Xo, Yo) B e click(a, y)  [* FE1: click(x, y1).
#HE 1 B REENT $18 - HE 1, BEAFMAIWIZE,

A VLM predicts actions from visual history

APPEND ACTION 1 TO THE TRAJECTORY

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1

o (a1 | goal, og, ag, 01)

ACTION 1 click(x4, y1)
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VLM RIER T BTN E
BEHNET: Bin "WE—METF $20 fNEEHF" + &E 0 + aF 0 + #

03 / MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP t 1 . Ej]{fﬁ 1 X ﬁ to
“Buy a blue o e #E 1: studio.shop / blue-mug; EEHF; $18 - %8 1; FINFIMYZE,
mug < $20" L click(xo, yo) oo dickixny) [

#[E t: studio.shop / cart; IEEBMF; $18-HE 1; FEIK.

GOAL SCREENSHOT 0 ACTION 0 l SCREENSHOT 1 ACTION 1 SCREENSHOT t

o (at | goal, o<, a<t)
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03 / ##t=

VLM RIER R BT E
Bt PN ETNEEBR. 8B 0. zHfF 0. &E 1. 30F 1 F0EE t.

03 / MODELING

A VLM predicts actions from visual history

CONTEXT AT STEP t
et |E /AN / IR/ (ELL,
“Buy a blue Blue mug elue mug N — . L oo ; W E A .
mug < $20" » click(Xo, Vo) B dickey) [ #E t B7x studio.shop / cart; IE&EHF; $18-HE 1; FIK,
GOAL SCREENSHOT 0 ACTION O l SCREENSHOT 1 ACTION 1 SCREENSHOT t

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

ACTION t click / type / tool / stop
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03 / &=
VLM RIER R BT E

BRI ETX: B &E 0. 0. #E 1. aF 1. BEt, Z/SEET
CONTEXTATSTER® et =R/ 8N/ IR /=L

ATEERIILTE SR B LR ERBES MR RIS RATH R(ELHF M.

03 / MODELING

A VLM predicts actions from visual history

“Buy a blue ’ Blue mug .
mug < $20" ® click(Xo, yo) oo click(s, y1)
B VLM 5Kl - o "W, a RaE - ARRFRATH SHRERSH S
GOAL SCREENSHOT 0 ACTION O l SCREENSHOT 1 ACTION 1 SCREENSHOT t K*Hlﬁlo

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

ACTION t click / type / tool / stop

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
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03 / MODELING

A VLM predicts actions from interleaved tokens

TOKENIZED CONTEXT AT STEP t

INSTRUCTION TURN O TURN 1 TURN t
Buy a V0,1 VO,N click ( v1’1 V1,N click ( vt’1 vt’N
GOAL TOKENS VISUAL TOKENS 0 ACTION TOKENS 0 VISUAL TOKENS 1 ACTION TOKENS 1 VISUAL TOKENS t
CAUSAL TRANSFORMER
o (at | goal, O<t, a<t)
ACTION t click ( X, ; Y, )
Text — tokenizer + embeddings; screenshots — vision encoder + projector.
lllustrative token splits; visual tokens are continuous embeddings, not vocabulary IDs. Token counts / encoders vary. 72
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03 / &=
VLM RIEZ EIR T E
Bt PAHATT E TN 189 2 IR0 > IR 1 > IR t,

ELIAIT: Buy a...; MEIATT: Vo ... voN; FWFETT: click (; MATIETT: Vi
. vi,N; FWRATT: click (; MEETT: Vi1 ... VN,

Birarc - Maiaic 0 - aifEiass 0 - fieiass 1 - sifEaic 1 fiiaic t — BEER
Transformer — E{E t: click (X , Yt )o

N — AR + BN Bl — HEdRiDEs + RERR.

AT RE, WRATRIESRRAN, ~EiF%K ID. 1[iE / wEssshE
Z. \gfﬁﬁ,ﬁﬁo
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MODEL ACTION INTERFACE OUTPUT FORMAT / SCHEMATIC EXAMPLE

_t N
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03 / MODELING

Frontier CUAs: Similar observations, different actions

Python / PyAutoGUI

GPT-6 Astra 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
Kimi K3 Function calls

(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} € 8-999

<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; 21.1 report | Sep 2026 73
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03 / &
AU CUA: AR, AEI=NE
&RE | FERO | Est / S0

GPT-6 Astra | Python / PyAutoGUI sR4IHEH TR | pyautogui.click(x, y);
computer call: actions=[...]

Fable / Opus 5 | [RETENTEBER (8RN —1EEZ1) | tool_use:
left_click; input: {coordinate: [x, yl}

Gemini 3.8 Flash | ITE#ERAREER (J3—HA4%xR) | functionCall: click;
args: {x, y} € 0-999

Qwen 3.8 | REAR (MABENX GUI #&x) | <tool call> <function=...>...;
XML Xitg TEFFI4!

Muse Spark | 7S + B GUI afF (B#Ea0EILX) | TR / MaEt?; 15
GUI =zl N FIRTE

Kimi K3 | REUER (MAEENX GUI i) | tool calls[].function name +
JSON £%§

AEEEEHETAIRASAER (TERESZERERENE) .

&: OpenAl - Anthropic - Google - Qwen?! - Meta? - Moonshot | 127B &tk
;211 3RE | 2026 £ 9 H
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04 / TRAINING

Training Stages

Pre-training Post-training (SFT) Post-training (RL)

Ul ELEMENTS ACTIONS HUMAN DEMOS

click(x, y)
type(text)

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

il

7R

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

m— g= L e

SYNTHETIC DATA RL ROLLOUTS

o_}a_)‘.-

o0 a0
- reward
o1 a1l +1

agent-generated
traces
— behavior cloning

task + verifier
— task reward

75

JR PDF 5 59 /94 @

ZH / 3GEX - 5 1/1 8B

04 / 1%
IIZRBTER
f)llgx: Ul st (1E - 7% - OCR — EfZ) ; aF (=i -8 - i8a) — =#l) .

[Elg (SFT) @ AEmE—BiR + ASSZ — 1Th%E, ShEdE—3h
ERAE, FERERERENILE — 1T/95ekE.

Eillg (RL) : RLHUERE—RN o — aifF a — ...; E55 + Wikss — 5
Zh, B0 +1,

MmEFE: Mind2Web (Deng &, 2023) - AITW (Rawles &, 2023) - AJ4miE
HETERE
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04 / TRAINING

Pre-training: Ul elements and actions

Ul ELEMENTS / GROUNDING ACTION PREDICTION

ff?}:;’ UNITED
)

miles when you
book with United
Packages.

Build yourlrip >

element: bookCarTab
value: none

. Other labels: type(text), swipe(start, end)
“CAR"” — element box / screen coordinates

Learn what is on the screen, and how to address it.

Deng et al., 2023 - Mind2Web training example; Wu et al., 2025 - OS-Atlas 76

filzx: Ul st=SamE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

ZH / 3GEX - 5 1/1 8B

04 / llZx
FllZ: Ul sT=SEE

Ultx / Ef:  “"CAR" o TTEIE / BELER,
oEFN: =25 element: bookCarTab; value: none,
HittkriE: type(text). swipe(start, end),

FIFRELBHA, URIEiERE.

Deng &, 2023 - Mind2Web i)l

[ PDF 35 60 /94 1@

ZHEG; Wu £, 2025 - OS-Atlas
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04 / TRAINING

Post-training (SFT): Imitate useful trajectories

HUMAN DATA SYNTHETIC DATA

frdlee —> Roll out —> Filter
teacher

"find a birria taco recipe | could make in under 5 hours"

go to: foodnetwork.com search: tacos birria |
thought: "I need to go to the food network thought: "I need to search 'tacos birria’ ou ol ar is selected. | will
website™ ' willclick on the search bar." tyj Tia.” :
action: goto(*foodnetwork.com”) action: click(80.5, 8.2) m - - - -
- o [ find a birria taco recipe | could make in under 3 hours"
Google * go to: foodnetwork.com

thought: “Ineed to go to the food network thought: “I need to search ‘tacos birria
website” ' will click on the search bar."

action: goto("foodnetwork.com") action: click(80.5, 8.2)
) ST

o >

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

=y

# (SFT) . &={pERMhE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

JR PDF 5 61/94 1

ZH / 3GEX - 5 1/1 8B

04 / 315
Rl (SFT) : {5 rmms

AR MolmoWebMix (E7A7RFI) , 36K ZAR(ESHITE + 105K £EHK
{E5HIT; AgentNet, 22,625 RERMIESHIL - 3 FIEERS,

BEEYE: AAEMR (AxTree) UM — BUTSEEE — ik, i2:EX (B 2) -
105K NERES.

REBRME — SFT.
T—FRKER; 5B LABRASSEERERERK.

Gupta &, 2026 - MolmoWeb E 2 {fR=. & 2; Wang &, 2025 - OpenCUA
R2 8237
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04 / 1%
ToBEE: MIREX, HILEFE

AREEHNTIISEBEEK. EZHFENTIER.
2023 Mind2Web: 2,350 M™MESS; 137 N,

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
2023 AITW: 715K NEIE; 30K &5,
. Android GUI MolmoWeb L
Mind2Web AITW WebLINX Control Odyssey AgentNet Mix 2024 WebLINX: 100K \hﬁﬁﬁ 2.3K A T/E’:o
. 2024 AndroidControl: 15,283 1N=52; 833 N
. uman
=il ta;ks 715K3~<::‘(FJ)II<SOdes intelggtfons a2 Cames ep7ils703d5es 21286555,2;'5(5 el s, AN[S1A 2
[ instructions 2.3K demos GERICT Cross-app per trajectory trajéiiléries 2024 GUI Odyssey: 7:735 I @l:l; ftsE‘Zﬁﬁo
2025 AgentNet: 22,625 MMES; S5MIT 18.6 5,
WEB MOBILE WEB MOBILE MOBILE DESKTOP WEB
2026 MolmoWebMix: 36K & AZEHT; 105K & B{ESHIT
Scale has increased over time; data type also shifts towards focusing on longer, cross-app, T4 R - T -
. . . Vi Vi i Yj o
multi-turn supervision. RITR - #Ba/im - WIIT - #nhim - Bl - SR - I
Mind2Web - AITW - WebLINX - AndroidControl - GUI Odyssey - AgentNet : MolmoWeb 79 Bﬁgajr@ﬁig’ §Q}E%m1:ﬁ?ri; @}E%ﬂmg;EEE-gﬁEﬁ‘ E%}EZ%‘ gﬁeﬁg%* ©

Mind2Web - AITW - WebLINX - AndroidControl - GUI Odyssey - AgentNet -

TSCEWE: MREX, NlEFE MolmoWeb
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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

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

STUDIO / Everyday objects Delivery estimate REWARD

Blue ng Postal code
|5 - ouema - _, 1.0
Cream Blue mug LJ
';1['63 $18 Add to cart 1 521 3

Task success

STUDIO / Everyday objects

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

Fill2 RS FES]

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

JR PDF %63 /94

ZH / P3GEX - 5 1/1 85

04 / 1%
E)llgs (RL) : MiFpHl+=>
Bir: HEBEHF. EREEER, FEEMABEYIE,

REEEE 0: REEEMRTF. RESEME 10 AR, REEEHE 2: BWA
“15213" ,

WHEHSAKE: STUDIO / BHERm; YhHeiiF $16. HEEMF $18, BEEER
$28; IEEMF $18 - HE 1, FUTIXARE,; HREERED 15213,

22 1.0: {ESHI.

{E R R B HTRER.

R — THMEER — SUHRE,

REHIE - CUA-Gym / Gym-Anything: RRE(ES5I61FSE
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04 / TRAINING
RL i)l

RL Training
{15 B—MET $20 WESHFIMNGYIE; FELEIK,

RS studio.shop / mugs — studio.shop / blue-mug — studio.shop /
cart, WHIZEEREEMF $18. & 1. Subtotal $18,

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

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

STUDIO / Everyday objects STUDIO / Everyday objects Your cart }j_jE + E% N Ej]{"lf 0: ,I:I_"_I\EEF%I% N }j_JE . ﬁ% N Ej}ﬂf 1 : ;ﬁbug”y@#@i R Jj_J
Blue mug BI e _ . L
| i> - -~ ® $ o+ R - EE2: WIE/ L,
Cream mug Blue mug Blue set

SFT 5 S R—ZERN; RL ARIBAE SIS,

HET - BE. A RIS e RS S D

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

RL 3|

75
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We need simulated environments for RL

Book an airport ride for my upcoming Jamaica flight.

A0 0

e eee REAL MONEY
It 1 w5 @ 8 =
Gringotts CIWork @ BatBucks Oddsmarket [ITravel @ Hoolichat [1Shopping @ Hooliwork [3Social @eTaxi @ HangryDash @ TableFind > Repeated attem pts can Create

‘s eTaxi @ Trips ccount  Help Help () michaelscott@du... d u p | | Cate pa | d boo k| ngs

REAL PEOPLE
A booking can dispatch a driver;

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

FA JEERT RL BRI

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

exploration affects other people.

81

ZH / 3GEX - 5 1/1 55

04 /3l

5

HAIFERAT RL AGEIIIRE

155 NIENGEFRNT TN nEE.

BXetk: REZNAREREESHTEIIT,

BESXHA: FUTHERERN, RESFMEMA.
TrTeEE: BUERREEZEMH, BEENNELERE.
NEAEENREITTRER, MARRESESIHFARE,

JR PDF %5 65/94 1@
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CUA-Gym: Build reusable, resettable mock applications

Sources

94 MOCK WEB APPS / PLAN — IMPLEMENT — TEST

Plan Agent

Dev Agent

Web Agent

Engineering

B W
& -

> Web Search & Brainstorming

Q o ®

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

> Use Playwright to check UI/UX

® ® ® localhost:3008/form

> Draft Develop Documents

N
DESIGN.nd

@8 @ ppp.tsx

import { Router } from './r'

export function App() {
return <Router/>

}

™))

L

> Draft Data Schema

> Compare with Web-Tree

compare against tree

> Deploy at runtime & preview

‘ > Deliver SKILL.md

AR Y 2
,‘ ° . = iz » localhost:3000 i ’ }
t al 2 running in chrome webpage

rrrrrr ree : g Uve oracle (o] skillmd
TODO . nd i
T ry 7Y T APts - pitalls - setup & verify templates
1 . N rounds 1 1 -

__________________

Inject initial state Inspect final state Reset each session

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

Wang et al., 2026 - CUA-Gym Fig. 2; §2.2 83

CUA-Gym: taErIS B rIEERIEHAN

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

ZH / 3GEX - 5 1/1 8B

04 / ill%k

CUA-Gym: taiEr]S eI EEREIN

94 MEHINTINFE / Mkl — LI — i
EAVIERS; RERZIAS, BEERRRIE,
E—MEVAN BT SE. REIPRESSIFE MES.

Wang &, 2026 - CUA-Gym E 2, 55221
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CUA-Gym: Co-generate tasks, states, and rewards

~32K VERIFIED TUPLES 7/ 110 ENVIRONMENTS

Data Synthesis Pipeline
Tasks

Task: Can you please send a email to each client
listed in the opened Notion page using the
template via Gmail? You should attach their
transactions in the “clients.xlsx" table on desktop.

Context: There should be 10 client in Notion
database page, each with emails listed, and a
existing email template in the “Sent’ folder of
Gmail. The spreadsheet “clie
document containing all clients during 2024 Q1-

¥4

Task Generation
> Performing web_search
n

R—
-

> Retriving Documents& Tutorials

Reading Notion & Gmail tutorials
> Reading prepared assets/
|— Reading ts

Isx " is a complex

g “how do people use gmail

o ¢ Orchestrator

$ Loading Task

> Loading Context

> Label Properties
difficulty
domain
4 ed a

Genera

> Loading Task and Skills
5 Apply initial_setup.py & golden_patch.py

L—  Initial Env/ Golden Env/
> Apply initial_setup.py & golden_patch.py
> Revise (if applicable)

$ Prepare VM environments

$ Spawn Agent Loop

while not done:
setup = generator. run()
reward = discriminator.
done = orchestrator.
return (task,setup,reward)

scriminator

> Loading Task and Reward Skills

se rewarding criteria
st in Sent
'tent match template..
s match Notion DB..
& verify in real envs.

-> feedback & retry

Filter
--» > LLM Majority Voting

consistency

executability

hack-risk —

clarity

difficulty n——

> Teacher Model Rollouts

120

Calculate reward(s,)

Check reward.log

Use VLM-as-a-judge to review s;—,
Alignment check

Pass

| € mmmnm

{ ( task, setup, reward ) }
reward; € [0,1]

task: Natural language instruction
setup:  Scripted initial env. setup
reward: Programmatic reward

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

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

CUA-Gym: HEE/MES. IREEEmH

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

82

ZH / 3GEX - 5 1/1 55

04 /3l

CUA-Gym: HREEMES. KRESRKH

29 32K NEIRUETTA / 110 PIRIE,
WA R SR, Bl —EEE—H.
Wang &, 2026 - CUA-GymE 1, 552171
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CUA-Gym: How much training data?

94 MOCK WEB APPS + 16 DESKTOP APPS

Computer & Mathematical - DevOps Analytics & Monitoring
aws A 2 A - 3 &S 2 rhpone ez I o e
AWS Azure GCP Vercel Cloudf... CircleCI Sentry Datadog Mixpa... Analyti... Tableau W&B

Office & Admin - Communication Office & Admin - Project Mgmt

% o O O v 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
oy

@ K) @ stipe  FT” gusto el W amazon ey €b Etsy
Salesf... HubSp...Quick... Stripe  SAP Bambo...Green... Gusto Lattice Workday Amazon Shopify eBay Etsy
Arts & Media - Content Healthcare - Legal - Realty Chinese [ International

u @ ‘ a B @ @cio  2zilow — 8 @ iz [REIES
YouTube Pintere... Drive Docs  Sheets Epic Clio Zillow Docus... 12306 Weibo RED Zhihu

Desktop Applications

B EEdwwdOAiAilD2B®=xG602

Calc  Writer Impress GIMP VSCode Chrome VLC PDF Grafana drawio Penpot Excalid...OverleafOpenS... 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

CUA-Gym: FEZ/MIGEUE?
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84

ZH / 3GEX - 5 1/1 8B

04 /3l

CUA-Gym: FEZ/MIGEUE?

94 MEHINTIRF + 16 PNRERA.

110 NALE; 32,112 NELGIE RLVR JTéH; 38% RIEM F{ES.
Iz BPNE RS KRS IR SR ESS.

Wang &, 2026 - CUA-Gym & 8(a). 5223 1
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CUA-Gym: Verified rollouts improve the policy

3,578 SFT DEMOS — GSPO ON 10,858 VERIFIED TUPLES

OSWorld-Verified score Training reward
0.64 -

0.6 1

0.60 1 L >4
0'010 3 0,01’0 ¢ 05 /
/ ~0’0’0~ 4

s P L N —— 8 .’.»--/-,:
0361 - '/0‘ TSt DR ST RS 04
w &ze Cmd

Voo oo o ____
0524 S=e=* SFrnit 053 037
' 02
048 T T T T T T T T T T T T
1 20 40 60 80 100 1 20 40 60 80 100
RL training step RL training step

==¢== 2K tuples ==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

CUA-Gym: BEXIFHIT AR SRS

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

85

ZH / 3GEX - 5 1/1 8B

04 / g

CUA-Gym: BISIFHITRIFRH RS

3,578 £5 SFT 7558 — £ 10,858 B2t _LizfT GSPO,
OSWorld FH: 62.2 — 72.6%,

Wang &, 2026 - & 9 #UEMIEHRL, £ 3 TEEER,
OSWorld-Verified - GUI F - 100 MRELPE - IEF{UIaE
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Gym-Anything: BIEHERTTESLIEING

R / B2 - Ehit.

200 PNMIHRZA; 3 MiR(ERSE, CUA-World 2 10K+ 4MESS,

04 / TRAINING

Gym-Anything: Create and audit real software setups

SELECT SOFTWARE / CREATE <~ AUDIT

Phase 1: GDP Grounded Software Selection ™™ ¥ Phase 2: Any Software -> Agent Environment

i e a AVA==R] 1R
Highlimpact B E R ASRIAE, IR HITHARIGIEIHE.
—_— Prioritize High-GDP Software r—o 9 - regds/ e [ Shared IVie[mory (M) ]
894 Strategic domains N =] writes ,’ M_general || M_software .
[ occupations | (health, education, .. QG ScaaD Opr i Aggarwal &, 2026 - Gym-Anything & 2, MR 1-2; 53 1
'STEM domains B o @ 4 t iterations
(engineering, science, ...) FreeCAD a Eﬁ Creation Agent 7 M Audit Agent
@ bash, python, gui interaction | W 4 Quality Checks
GDP Data [ Broad coverlage G\AP‘ Stelarum  Wireshark " Iaunching &
Diverse Occupations ﬁ Y .‘ W””Q interaction
Diverse Industries Lr.hd @
\ Diverse Software categories , - ' \ ot Software GUI —> Verified Environment | )
|
200 3 10K+
software applications operating systems tasks in CUA-World

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

Aggarwal et al., 2026 - Gym-Anything Fig. 2, phases 1-2; §3 86

Gym-Anything: SIEZEFETTESLIFINE
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Gym-Anything: Scale tasks, then verify trajectories

PROPOSE + AMPLIFY

Phase 3: Scaling Tasks & Environments

Stage 2: Amplify
75x generatlon

Stage 1: Propose \

Creation Agent = seeds as
: \ in-context
poding s UM \ examples [[__

runs |r_
software, l , LLM
creates |

realistic data | 1§eekd
: e execution Verlﬂed
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

Gym-Anything: #E{ES, BT
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CHECKLIST-BASED VERIFICATION

Phase 4: Evaluation on CUA-World

Screenshots (

VLM Verifier ]

Checklist +
| privileged info

Agent
executes task

A

Rubric Score

+ Imported patient dataset
correctly 3/3

% CT scan annotation
misaligned 3/2

+ Report exported as PDF 2/2

CUA-World

10K+ tasks
200+ software
3 0Ses

Score: 5/7

Privileged evidence + weighted checklist
Partial credit + integrity checks

87
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Gym-Anything: ¥ B{E55, BT

R + 718 FUTHHESS, (R LLM 718 — ik,
ETSRAYIE: 5R0IEHE + IS B85
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Aggarwal &, 2026 - Gym-Anything & 2, FE& 3-4; 5 4.
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04 / llZx
04 / TRAINING

Gym-Anything: BEELIKFE

Gym-Anything: Environments across real software
B3 %%44 / Linux - Windows - Android,

REAL INSTALLED SOFTWARE / LINUX - WINDOWS - ANDROID
200 NMRFRIFE; 12,103 MESSIME,; 22 /22 4> SOC FRIERFIIIBEES.

H ke tBER TSGR ES IR,
Aggarwal &, 2026 - Gym-Anything B 1; 57

200

software applications

e 12,103

Science Finance GeoScience Educa tasks and environments

T | A 22/22
— e S ] [ ]

SOC occupation groups covered

The generator creates task-ready setups across professional software.

Aggarwal et al., 2026 - Gym-Anything Fig. 1; 85 88

Gym-Anything: BEESLIGINE
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04 / TRAINING

Gym-Anything: Distill successful trajectories

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

successful SFT trajectories

12.7 — 22.5

average checklist score / 100

1.6 — 4.4%

Fraction of Training Data

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

Gym-Anything: ZXIBRIHENIT
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th 25.0

}GT) —l— # Software 22.5

g 22.51 —A— # Tasks

o

E. 20.0

<

)

0175

c

o

© 15.01 yntrained

S 14.6

n 12,5

o 12.7

Z 10.0 . . . ,
0% 25% 50% 100%

perfect-checklist pass rate

89
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04 / %

Gym-Anything: ZXRIBRINHNIE

KIMI-K2.5 #Jfi = QWEN3-VL-2B-THINKING Z4,
£ 2,000 £&RKINAY SFT ik,

FiiEREs /1000 12.7 — 225,

IBHEENE: 1.6 — 4.4%,
BERHSESESEHEET REIE)I4.
Aggarwal £, 2026 - B 6(a). % 3. 5 6.1-7.1 15,

JRPDF 5 73 /94 ™
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04 / TRAINING

Training Stages

Pre-training Post-training (SFT) Post-training (RL)

Ul ELEMENTS ACTIONS HUMAN DEMOS

click(x, y)
type(text)

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

il

7R

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

—) E: L b

SYNTHETIC DATA RL ROLLOUTS

oHa;}"‘

o0 a0
- reward
o1 a1l +1

agent-generated
traces
— behavior cloning

task + verifier
— task reward

$
Strong CUA Iél

90
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04 / 1%k
WIZRER
Fu)llgs: Ul cE (1 - 7% - OCR — &A1) ; mE (click - type - swipe — 54i)

o

[Elgx (SFT) @ AEmE—BiR + AL — 175, SpEdE—3n
SERHE, EREMRERAIE — 1T,

Fillgx (RL) : RLBEFREFE—TN o — affEa — ...; {£55 + Wilkss — £55
REp, Hian +1,

SEARY CUA,

MEEL: Mind2Web (Deng £, 2023) - AITW (Rawles £, 2023) - B]4wiE
HFREE
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05 / SUMMARY
I%\g:t
Summary )
1. CUA BE8(F GUI: ElfES AKBERNFREPNEHREITH.
CUAs operate directly on the GUI : I P U Satizs <t N
Q) e o e e interface a5 humans. 2. SHABRIS RS EMAVRIRRHT R SASEE. HENHES S KRR TR
ERTAE,
ST R AR B R MEHE - kv SERIM B SR
Evaluations should target the right metrics and level of behavior . *E:JE?E)?%EE,JU’J“Jj_JEEﬁ’)‘HE}J1’E' CUA it GUI sifFEOIIIESRES, B
Static actions, end-to-end tasks, and long horizon workflows are measured differently. b2 ERAMEFTITEA,
4. )l — SFT — RL: #RBEEIT AT 145, BET ASREMS R
Models predict actions from interleaved visual history 17 SFT, RIGTEEIEAEFHIT RL,

CUAs are vision-language models that emit GUI actions, some also use code and tools. "
11-768 - GUI EgefK

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

44
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EBEHRLE T {E?

What's remaining?

IR BT {F?
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05 / WHAT'S REMAINING

S
Speed + Cost BRSSP

FEIRAY CUA FERGHANREFRTEUH,

: E557ERT ~ FOIRER x BheREat.
Long contexts are expensive

cereenshots and reasoning add pref S SHTRIE: Game-TARS FIRIEIE—1EXIURERIE, RIS

Reasoning at every step and generation cost. BT,

FASTER CUAS REQUIRE BOTH SYSTEMS AND MODEL IMPROVEMENTS

m Act —m Act —m Act Game-TARS: Sparse Thinking EEETEN . FDM-1
Game-TARS: Sparse reasoning Reason at key decisions; act directly on _ L ‘ -
routine steps. KETXRAS: SEFEESIEINTUERSEMRA.
3 v - o T
FDM-1: Direct action prediction Fewer / cheaper turns B/ BEERIEOR: BRI SR, REERENFRE (FDM-1) ,
Act 4 Act o Act o Act 4 Act o Act Improve planning and batching; Game-TARS - ByteDance Seed, 2025, & 3.3 /4.3.2 %5 - FDM-1 - Standard

explore direct action models (FDM-1).

Intelligence, 2026

Game-TARS - ByteDance Seed, 2025, 83.3/84.3.2 - FDM-1 - Standard Intelligence, 2026 93
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05 / WHAT'S REMAINING

Personalization: Adapt to the user

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

John & Emily
eve enve
YOU'RE INVITED
- Re: Quals for Stanford
i was 10 the last time i CHICAGO, IL * JULY 2025  University Ph.Ds
wore a suit lol
oy a0

\\\\\\\\\\\\\

MyPCBench s a reproducible Linux desktop benchmark
General | User seeded fr ical person.
Model (GUM)

m"\f'cﬁfe‘laffoﬁ 1812 2398 679 2526 586 10746 35

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 94

MEW: BNV
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05 / =R
ME: BN

GUM: #EHRF LT, MTALETXNERMN: (ERBFPRINXY. HRICRMwET
, MARERENAME.

ICIZ/RATIELT . GUM teRAEHHEEENERNAFEL,

MyPCBench: NAZZFEF. AFEHIEXEE: MyPCBench I MNA LT
; AREEEEXER.

GUM - Shaikh &, 2025, 1-MyPCBench - Jang &, 2026, INE#RS
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Infrastructure + UX

CODEX: BACKGROUND COMPUTER USE

Benasoe o CloudTicTacToe

0 X. The computer
v CloudTicTacTon

CloudTicTacToeApp. swift The computer wins this round.

esded ' X

Q

-----

Don’t block the user

Run in isolated background sessions
while their work continues.

Collaborate in real time

Show progress; accept corrections,
approval and interruption.

Novel Ul / 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

EhtiRiE SRR
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05 / [HfFfRIR

it S AP AR

CODEX: E&aitEMER.

FEBREAF: ARBNEeSIEFIE T, LSS TIE,
SCRHIME: BVHE, BXEIE. HESHT,

CUA HJ5REL Ul / UX: {MERKERETE,

FMREREER. 1LIEa N, FREERZENKATX.
OpenAl, 2026 - Codex for (almost) everything - ETER

JR PDF 579 /94
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05 / WHAT'S REMAINING

Multi-Agent Systems

MACU: PLAN — PARALLELIZE — REPLAN

Scheduler Loop

initialize / replan graph

INPUT M
User Task [ anager

Parallel CUA Subagents Follow Up Loop

CUA1 | --- | CUAN - Subagent done
\ Manager
[ VM 1 e [ VM N

|

—

| Virtual Machines Pool

e e e e e e

continue working

- Input / Output - Manager D CUA Subagent O Completed Subtask . Ready Subtask

-'
|

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)

ZEBIRRS
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05 / SRR

ZERNRRS

MACU: Ml — F1T — EFALL.

A ERIFD TIE: MACU BRI FHES DiRERBEMAETRI CUA,
H=utE, AREFAL: EXEMER, Wk TFANRRPIRE.
HBsEmR CUA: BE CUA, RIBERFSTEERENF, EHihR5TTHE.
REANEREEIRIEERMRT, FTA B,

MACU - Koh, Salakhutdinov 5 Fried, 2026, 1/%837 (KR)
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Appendix: Benchmarks

WEB + STATIC EVALUATION

MiniWoB / MiniWoB++
WebShop
ScreenSpot-Pro
Mind2Web

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

DESKTOP, MOBILE + LONG HORIZON

OSWorld / Verified
WindowsAgentArena
AndroidWorld
MobileWorld

Odysseys
OSWorld 2.0

MyPCBench
WeaveBench

PR / & 5FH
iR EiE

TR + FEIFEE: MiniWoB / MiniWoB++., WebShop, ScreenSpot-Pro,
Mind2Web. Android in the Wild, AndroidControl, WebArena,
VisualWebArena, WebVoyager, Online-Mind2Web, WorkArena /
WorkArena++,

R, Balim + <A9FE: OSWorld / Verified, WindowsAgentArena,
AndroidWorld, MobileWorld, Odysseys, OSWorld 2.0, MyPCBench,
WeaveBench,

AgentNetBench 5 CUA-World-Long BIEIGAE &SRS / e (58 99
n) .

AgentNetBench and CUA-World-Long share their papers with training datasets/environments (p. 99). 98
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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
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https://arxiv.org/abs/2504.01382
https://arxiv.org/abs/2403.07718
https://arxiv.org/abs/2407.05291
https://arxiv.org/abs/2404.07972
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bR / E &R

By #24= / )Ilgk
t&H + Bfii: OS-Atlas. UI-TARS. Qwen-Ul-Agent, Qwen3.6-27B (##&K)

APPENDIX / REFERENCE

Appendix: Modeling / Training

MODELS + GROUNDING DATA + TRAINING ENVIRONMENTS . Game-TARS,

Q>-Atlas OpenCUA / AgentNet / AgentNetBench R + 1)II453KE: OpenCUA / AgentNet / AgentNetBench. MolmoWeb /
I-TAR MolmoWeb / MolmoWebMi . ,

UETARS D AN I e Al MolmoWebMix, CUA-Gym. Gym-Anything / CUA-World,

Qwen-Ul-Agent CUA-Gym

Qwen3.6-27B (model card) Gym-Anything / CUA-World B ENTRSEENEMNAITSTEUEENS 98 I,

Game-TARS

99

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

fisR: EE5)14k
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https://arxiv.org/abs/2510.23691
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https://arxiv.org/abs/2604.08516
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Appendix: Systems

AGENT LOOPS + ORCHESTRATION
ReAct

Interleaved reasoning and actions

MACU: Multi-Agent Computer Use
Orchestrating multiple computer-use agents

GUM: General User Models
User modeling from computer activity

FRAMEWORKS + EFFICIENCY

BrowserGym ecosystem

Shared environments and experiment tooling

Cua (open-source framework)

Computer-use environments and infrastructure

FDM-1 (technical blog)

High-frequency computer action modeling

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

M. Z&%

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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b / &E&&R
MR: Z&

BREMEIR + fmiE: ReAct—3ZiEHEESEE, MACU: ZEREMIEER
hiEZ MTENERSRER, GUM: BRERAFERE—RIETTEYEEE
AF.

TEZR + R BrowserGym &38R R—HEIMESSLIW T H,; Cua (FRRIEZR)
— I ENERMESEMIZHE,; FDM-1 (FAEE) =L =

BReRRAE. MEL. BRliRIESHEERICNIARIR.
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Appendix: Products

OPENAI + ANTHROPIC

Codex Computer Use (OpenAl blog)

Operator (OpenAl launch)

OpenAl computer-use API guide

Claude computer use (launch blog)

Developing computer use (Claude blog)

Claude computer-use tool docs

OTHER PRODUCTS + RELEASES
Grok Bot (xAl launch)

Gemini computer-use APl guide

Muse Spark 1.1 (Meta release)

Navigator n2 (Yutori release)

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

R @

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

101

JR PDF % 85/94 1@

ZH / 3GEX - 5 1/1 8B

fz / SEFH
R =&

OpenAl + Anthropic: Codex Computer Use (OpenAl %) . Operator (

OpenAl Kfaas) . OpenAl i+E7l{EFH APl 1§m. Claude &R (&M
{85%) . Developing computer use (Claude %) . Claude T8 EHEIR

A,

Hithr=5 + &%n: Grok Bot (XAl &%5) . Gemini ITE4\(EA APl 1§88, Muse
Spark 1.1 (Meta &%) . Navigator n2 (Yutori &fa) .

BEAEAS. BAEES APl XX, Operator E2HFEAMAR.

W& PDF 85 | J&ma 85


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=85
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
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CMU Al AGENTS / BhZExBBZ SR [E PDF %86 /94 TR

5B 7 vt - ITTEHERERER

EN / ZEXERRR - (RFEE ZH / ®3OFEX - 5 1/1 89
02A / g5 g

02A / STATIC EVALUATIONS

Android in the Wild: Scale without end-state checks
B 715K NES: 5.69M MEE: 30,378 ANiEERIE.

Android in the Wild: #it&EX, (BiSERZRTHEE

15K multi-step prompts Demonstration processing . — o
toggle data saver in the Is It going to rain (f,'v. 7 1 5 K ];F{E*ml & : % gﬁﬂ]{’ﬁ @Ee (-]
chrome app tomorrow? Sample from Human executes R
instruction task on a mobile o
i ; datab lat episoaes s . =
S, | (e = T °'; —g " ARNEEESR T B e, BiHMassAR 2 REICR FRAEME.
OpsncaltndaAnd oW me Find the nearest electronics U 5 6 9 M
the second week of next store that's open tomorrow
- ) KiE: Rawles &, 2023, E 1
How much does a 3 bedroom eXampleS
apartment rent for in
Portland? PO %

i 30,378
"orele unique prompts
«4
—
= Offline action matching

Scale buys coverage; the evaluator still matches recorded actions.

Source: Rawles et al., 2023, Fig. 1 86

Android in the Wild: #lf&EX, (BiSBRZITHEE
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02A / STATIC EVALUATIONS
AndroidControl: Diverse apps, paired instructions

L BENCHMARK STATS
“In the clock app set an alarm for every Saturday at 6 am and called ittimetowalk” ____

ma | high-level instruction

- ['screenshot + accessibility tree | 1 5 283
B 1)

iPa

nane:con.google. android. deskclock” |
name: &

"com. google.android..” | demonstrations

14,548

unique tasks

“Open Clock app" “Go to the alarm section’
open_app <deskclock> click <168,2232>

“Click on OK option”

_ch ]

Ra. ue )

click <866,1825> )

~ %5 pa -1 Ul element metadata }

Android apps

EVALUATION CRITERION

Offline action matching

utton” “Set hour to 6" “Click on the am”
click <541,1621> click <840,759>

Paired high- and low-level instructions separate planning from motor control.

Source: Li et al., NeurlPS 2024, Fig. 1 87
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02A / STATIC EVALUATIONS

AgentNetBench: An offline desktop proxy

i n >2] Rule-based Model-based
: via '_> E method @ method 1 00
y Video = , AgNet
H m%> H Action Reduction| Method QS
. State-action tasks
 on B e | ¥
-
% 3
%

t—; ljl-—- 17.63

+-',=> :
n;;'.jgm A%t oo average steps

2,143

total actions

EVALUATION CRITERION

\J Trajectory (@ screenvideo )
leo ideo

traj1  traj2 trajn video1  video 2

o@ 2

‘E Comp Use Agent Modeling )
e Inner Monologue Modeling)

Observation (=) Situation @ low level
Gg @ Reflection @ Instruction

.
rClick

'
'
'
Bireaistc | [ mm @ Lo S
: s - ol | History
Enwronrnen\ .. > 4 ] : Step 1: click Ofﬂ h
Evaluation ® — o ine step matching
o S AgNet CUA ! Stepi2;wiite

AgentNetBench turns human desktop trajectories into a fast offline proxy.

Source: Wang et al., NeurIPS 2025, Fig. 2 (cropped) 88
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WorkArena: Enterprise tasks with validators WorkArena: H3RiEBHIRILESS
BEGIT: 33 MESHEMR; 19,912 5L, ServiceNow 3R,
33 SR IR,
SEES R RIRSIIET S,
L SgiE: Drouin %, ICML 2024, & 1

instances

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

‘WorkArena: Web Agents for Common Knowledge Work Tasks

.............

Web Agent

ServiceNow

environment

page.get_by_label("Search").click()
Python {unsafe)

jis
: e : »
: I FommdCumen Mottt o || ER = Browser

= " mouse_click(x=47.2, y=152.6) click(bid="103")
Dashboard Knowledge Base Service Catalog coordbased bid-based

EVALUATION CRITERION

Programmatic checks

Parameterized tasks make enterprise state validation reproducible.

Source: Drouin et al., ICML 2024, Fig. 1 89
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WorkArena++: Compositional enterprise workflows

BENCHMARK STATS
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o) company themes
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canbuom.

Compositional end state

Composition converts atomic Ul skills into knowledge-work workflows.

Source: Boisvert et al., NeurIPS 2024, Fig. 1
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AndroidWorld: Parameterized mobile state

¢ . il
Android Emulator TaskEval ’ D D D
-—> goal
de i gen_. random |_params
A N \ r
amae| [Et &) 955
0@ ! 0 -
.g:n b Q QM) or APIs
D m = -~ 116 Android & 92
@ o D o - — MiniWob++ tasks
Py = mr = f + Ul tree

n Simple

alendar Pro, create a
calendar event on
{year}-{month}-{day} at {hour}h with
" the title {title} and the description

. 4{description}. The event should last
for (durationimins} mins..

{Add a location marker |
\for {location} in the

| OsmAnd maps app.
s e

EE_— =

-2 | What incomplete tasks

116

task families

20

applications

00

parameterized instances
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System-state reward

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

Source: Rawles et al., ICLR 2025, Fig. 1
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MobileWorld: Cross-app, user, and MCP tasks

Agent User Interaction Task Example MCP Tool Use Task Example
O i L . . O Check README from android_world GitHub repo 2 0 1
o 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:
Sereen 1 id not find Kevin in contact app, I need to ask o0 O gitHub create or update file
| user what is the Kevin's email address. = gitHub_create repository 2 7 8
MCP Service 91tHub_get file °
Action: ask user Sy
Text: what is the Kevin's email addres? 6 MCPs from Tongyi Bailian Marketplace average steps

System Prompt: Among the provided tools, I should use gitHub_get_file
Yo

@ u are acting as a mobile user. to fetch the README.md content so I can ... 20 62 2%
L]

ke Action: MCP(gitHub get file)
The relevant information for the args: {"owner": "google-research",

UserAgent ... io: Kevin's email address:
(GPT-4.1)  ,_.;

cross-app tasks

"repo": "android world", "path":
n_zhang@example.com "README . md" }

Q EVALUATION CRITERION

MCP Server Programmatic + hybrid
Response Tz o ol

©

Simulated User
Response

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

Source: Kong et al., ACL 2026, Fig. 2 (cropped) 92
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02D / LONG HORIZON COMPUTER USE

MyPCBench: One person's cross-app digital life

184

© hangrydash...  HangryDash - DoorDash tasks

17

© sprintboard.dunde.. SprintBoard - Jira

@ @) © hoolimail.dundermifflin... HooliMail - Gmail ([ ]

© hoolichat.dundermif.. HooliChat - WhatsApp .
logged-in apps
e GHEES o + = Q@ m—ee —_ I
oo mw o @@@® | © hoolicalendar.du. HooliCalendar - Google Calendar 0,
g 68%
g:’::“' (@ HooliCalendar  Todsy < April 2026 2 o wesk o serecse (@)
S multi-app tasks
onmw
- o
P e——— . HooliChat Web EVALUATION CRITERION
Ol (o e - O - I
@ o] . g el
,,,,,,,,,, Per-rubric LLM judge

One seeded identity turns separate apps into one reproducible digital life.

93

Source: Jang et al., arXiv 2026, Fig. 1 (cropped)
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WeaveBench: GUI + CLI ;B&5TE
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114 TR HURERTTH,

02D / LONG HORIZON COMPUTER USE

WeaveBench: Hybrid GUI + CLI trajectories

Filesystem / Storage (4)
System & HW Service (7) -

i 2
£ 150 15 tasks

— RIRERIFS, AR ERERATMREELLE,
A ) 25-29 10
——— Pipeline / ETL (4) 0 H 10 ¥ 0 % M

Number of tasks

Desktop UL/ UX (7)

Scientific / FEM (4)

& LiZ, EMNLP 2026, & 3

Engincering Design (8)

Observabili 3 i i
e (8 (b) GUI/ CLI channel switches per task median switches

Debug Toolchain (5)
Realtime / Action (4)

76

median tool calls

DB / Service (4)
Game Engine & Runtime (5)
Cluster / Monitor (3)

Puzzle & Strategy (8) Print-ready Doc (7)

Print / Color (3)

Number of tasks

Office Suite (5)
Visual Asset Workflow (7) — L Markup / LaTeX (5) EVALUATION CRITERION
== WEB Web Frontend  #8 OPSDevOps  #m DES Design  #m SPA Spatial / CAD i
= DAV Data Analysis DOC Documeat 8 GAM Gaming 8 DSK Desktop OS ;
“Tool calls per task

Trajectory-aware judge

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

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

WeaveBench: GUI + CLI ;B&hiE

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF 94 | Jom 94


https://www.cmu-agents.com/slides/lecture-07-computer-use-agents.pdf#page=94
https://arxiv.org/abs/2606.09426

	1. 计算机使用智能体
	2. 计算机使用智能体（CUA）
	3. 观察、推理、行动
	4. 观察、推理、行动：点击蓝色杯子
	5. 观察、推理、行动：查看配送信息
	6. 观察、推理、行动：点击邮政编码栏
	7. 观察、推理、行动：输入邮政编码
	8. 浏览器交互循环示例
	9. CUA 简史：玩具环境
	10. CUA 简史：在真实商品中购物
	11. CUA 简史：逼真的环境
	12. CUA 简史：完整桌面工作流
	13. CUA 简史：逼真的环境与数据
	14. CUA 简史：真实软件与真实任务
	15. CUA 简史：现实世界中的使用
	16. 基准与评估
	17. 什么才算成功？
	18. 基准：从预测动作到完成长工作流
	19. 静态评估：这个动作正确吗？
	20. ScreenSpot-Pro：专业界面中的定位
	21. ScreenSpot-Pro：专业界面中的定位示例
	22. Mind2Web：跨网页的离线泛化
	23. Mind2Web：离线网页任务示例
	24. 基准：从预测动作到完成长工作流
	25. 程序化状态：检查最终世界状态
	26. WebArena：可复现网站与可执行目标
	27. WebArena：程序化验证器示例
	28. VisualWebArena：视觉是任务的一部分
	29. LLM / VLM 评判：评估证据
	30. WebVoyager：开放式结果的实时网页任务
	31. WebVoyager：实时网站与开放式结果示例
	32. Online-Mind2Web：实时网站带来基准漂移
	33. 人工复核：解决结果模糊的情况
	34. 基准：从预测动作到完成长工作流
	35. OSWorld：真实桌面与定制的最终状态检查
	36. OSWorld：更新账务工作簿
	37. WindowsAgentArena：云规模的 Windows 评估
	38. 基准：从预测动作到完成长工作流
	39. 混合 / 轨迹评估：同时检查结果与过程
	40. Odysseys：实时网页上的长时程任务
	41. Odysseys：沿整个行程评估进展
	42. OSWorld 2.0：持续数小时的工作流
	43. OSWorld 2.0：文件存在仍可能不正确
	44. OSWorld 2.0：在 SolveSpace 中建模零件
	45. CUA-World-Long：每种软件设置一项困难任务
	46. 建模
	47. VLM 根据视觉历史预测动作
	48. VLM 根据视觉历史预测动作
	49. 将动作 0 添加到轨迹
	50. VLM 根据视觉历史预测动作：第 1 步
	51. VLM 根据视觉历史预测动作：第 1 步
	52. 将动作 1 添加到轨迹
	53. VLM 根据视觉历史预测动作：第 t 步
	54. VLM 根据视觉历史预测动作：后续动作
	55. 交错的视觉与动作历史
	56. VLM 根据交错词元预测动作
	57. 前沿 CUA：相似观测，不同动作
	58. 训练
	59. 训练阶段
	60. 预训练：UI 元素与动作
	61. 后训练（SFT）：模仿有用轨迹
	62. 示范数据：规模更大，轨迹更丰富
	63. 后训练（RL）：从评分轨迹中学习
	64. RL 训练
	65. 我们需要用于 RL 的模拟环境
	66. CUA-Gym：构建可复用且可重置的模拟应用
	67. CUA-Gym：共同生成任务、状态与奖励
	68. CUA-Gym：需要多少训练数据？
	69. CUA-Gym：已验证轨迹采样提升策略
	70. Gym-Anything：创建并审计真实软件环境
	71. Gym-Anything：扩展任务，再验证轨迹
	72. Gym-Anything：覆盖真实软件环境
	73. Gym-Anything：蒸馏成功轨迹
	74. 训练阶段
	75. 总结
	76. 还有哪些工作？
	77. 速度与成本
	78. 个性化：适应用户
	79. 基础设施与用户体验
	80. 多智能体系统
	81. 谢谢！
	82. 附录：基准
	83. 附录：建模与训练
	84. 附录：系统
	85. 附录：产品
	86. Android in the Wild：规模大，但没有最终状态检查
	87. AndroidControl：多样化应用与配对指令
	88. AgentNetBench：离线桌面代理基准
	89. WorkArena：带验证器的企业任务
	90. WorkArena++：组合式企业工作流
	91. AndroidWorld：参数化移动端状态
	92. MobileWorld：跨应用、用户与 MCP 任务
	93. MyPCBench：一个人的跨应用数字生活
	94. WeaveBench：GUI + CLI 混合轨迹

