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chemistry tools

Example input:
Plan and execute
the synthesis of an
insect replellent.

User-defined
scientific tasks

b Molecule tools

Chain of thought reasoning loop

1. thought 2. action
reason, plan elect tool
ChemCrow

s

Q

]
use tool

3. action input

analyze
4. observation

1
Autonomous interaction with tools
and the physical world (e.g. RoboRXN)

Chemistry-informed\

sequence of actions

1. Google search

2. Retrosynthesis

3. Procedure prediction
4. Execution on robot

Synthesis of "

DEET without
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interaction.
Autonomous

experimentation

General tools
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« Safety Assessment
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« Synth Plan
« Synth Execute

N

\ Safety tools
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[1] Atomic-to-Compositional Generalization for Mobile Agents with A New Benchmark and Scheduling System
[2] Quick on the Uptake: Eliciting Implicit Intents from Human Demonstrations for Personalized Mobile-Use Agents
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[1] Quick on the Uptake: Eliciting Implicit Intents from Human Demonstrations for Personalized Mobile-Use Agents
[2] Agent-ScanKit: Unraveling Memory and Reasoning of MLLM-Based Agents via Sensitivity Perturbations

[3] Say One Thing, Do Another? Diagnosing Reasoning-Execution Gaps in VLM-Powered Mobile-Use Agents

[4] The Hunger Game Debate: On the Emergence of Over-Competition in Multi-Agent Systems
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Wu, Zheng, Heyuan Huang, Yanjia Yang, Yuanyi Song, Xingyu Lou, Weiwen Liu, Weinan Zhang, Jun Wang, and Zhuosheng Zhang. "Quick on the Uptake: Eliciting Implicit Intents from Human
Demonstrations for Personalized Mobile-Use Agents." arXiv preprint arXiv:2508.08645 (2025).
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MobilelAR Dataset
- SEXIFTEIEIR

BT ES=RRIENESIZR
« D RFRIG ST E

. E?MobllelARﬂgWﬂ:}Hh

SR (ERLFNEIERR)

N
SR — Y i1 1(a € A;)
) N :

« Type (BREEMWEFPSSIEFRER)

Z,\  I(type(a) € {type(a’)|a’” € A;})

Type = N

. 1AR (EERFR

IAR . Z;‘V 1 ll"(\il' -~ ”I) .

)
s
—
s

Dataset # Inst. # Apps #Step HL GT

PixelHelp 187 4 L BT S AR S
MoTIF 276 125 R > S S
UlBert 16,660 - | - SR AEE S
Meta-GUI 1,125 11 15 o K R
UGIF 523 12 6.3 o e KR
AlTW 30,378 357 6.5 o F KK
AllTZ 2,504 70 Tyl ol il
AndroidControl 15,283 833 AR o At e
AMEX 2,946 110 128 & Ff K R
OS-Kairos 1000 12 5.1 ol R K
MobileAgentBench 100 10 ~ N W
AppAgent 50 10 - o K K B
LlamaTouch 496 57 r 2 S G S S
AndroidWorld 116 20 - & KKk
AndroidLab 138 9 L R T S
LearnGUI 2353 73 i " A S S
MobilelAR 945 16 O A A Y S

Table 1: Comparative analysis of datasets and environments

for evaluating mobile-use agents. Key metrics include: #
Inst. (instruction count), # Apps (application count), # Step
(average steps per task), HL (high-level instructions), GT
(ground truth trajectories), IS (few-shot learning support),
and US (user-specific demonstrations). Data for this table is

partially sourced from Liu et al. (2025a).
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 IFRAgent Framework
- BREERIZERER
AN
- BRFREHE
fun
- BREER (SOP)
- [EREEIR (ﬁﬁ):'@{%)
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_________________

User Demonstrations {::fj:ééf_iﬁ_é_;l:t_;ég f_if_)_;’f;:::,: Intention Flow Storage
i’ Explicit intention flow ‘E Query'1 SOP 1
i = Query vector database i Query2 m===) SOP2
|:>i * Operating procedures i |:> 3 SOP 3
123,98 i Query-step list pairs i Query =
_— i i Queryn === SOPn
wm o i E e Th fe
e i Implicit intention flow ! Spiz;sf(e;gre ers very
“ i« Detailed user profiles : . Th i f b
|:>: » User behavior pattern :|:> © USET prefers neatby
— i U ) hp bi i restaurants when he is
A _o e ‘Z“ { nconscious habits J ordering.
User query { Explicit intention ‘i (" User query "‘: “ Few-shot
e O e e | T = prompting
;. Embedding model O] i |
IO IT11T1T11] i | Demonstration query || Jl
||||||||||||||=>_|=>: o T7QOP extractor
Ceeeseeeaees | Demonstration SOP 1! . SOP extractor .
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Personalized query . I! """" 1 };1;1;;;{ NS b User query
==, Query rewriter h¢=‘i | . EI:[::I ;
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ESS )

- SCIGTEFR
- SR (BLIEMR)
« Type (FP=RIFHHER)

IAR (BEXISFE)

- EEHIL

- NIEfRH S EIEERED
- BRI ERE

English users Chinese users

Action Type

Action Description

CLICK
TYPE

SCROLL
PRESS_BACK

PRESS_HHOME

WAIT
LONG_PRESS
COMPELTE

Click at the specified position.
Enter specified text at the desig-
nated location.

Scroll in the specified direction.
Press a back button to navigate to
the previous screen.

Press a home button to navigate to
the home page.

Wait for the screen to load.

Long press at the specified position.
Indicate the task is finished.

Table 1: Action space for MobileIAR dataset.

Model SR(%)t  Type(%)t IAR(%)t SR(%)t  Type(%)t IAR(%)}
Open-source based mobile-use agents
OS-Atlas-7B-Pro 42.30 75.39 36.65 42.22 76.92 35.67
+IFRAagent 48-466.16T 80.985.59T 43-466.81T 51979.75'? 81.644.72T 47'8212-15T
UI-TARS-7B-SFT 43.11 69.26 37.28 44.86 75.00 36.86
+IFRAagent 44'481-37T 72.573.3” 40‘693-41T 51 ~O46.18T 75'860.861‘ 48-7011.84T
UI-TARS-7B-DPO 41.12 71.11 34.96 45.07 70.74 37.19
+IFRAagent 41~580.46T 70.910.2(% 37‘732-77T 46'451.38’]‘ 73'732~99T 43.466.27»?
UI-TARS-1.5-7B 40.19 72.06 34.02 46.22 76.42 39.18
+IFRAagent 42'782-59T 72-720.66T 39‘265-24T 49'803.58’]‘ 77'010~59T 46'757~57T
Qwen2.5-VL-7B 12.29 16.13 11.80 19.29 23.52 18.13
+IFRAagent 305718.281‘ 40‘6724-54T 27.7015.90»? 38-2718.98T 47‘2723~75T 36. 1318~00T
Close-source based mobile-use agents
GPT-40+OCR model 35.63 74.75 32.05 37.13 77.42 31.18
+IFRAagent 40'554-92T 74.500.25¢ 36'023-97T 44, 197~06T 78'060.64T 41 '4010-22T
GLM-4v+0OCR model 2.54 57.94 1.76 3.11 72.97 2.47
+IFRAagent 3.210.671 73.1415.200 2.470.71¢ 4.050.94+ 73.710.741  3.030.561
Qwen-VL-max+OCR model 19.86 79.91 16.69 22.00 81.55 19.04
+IFRAagent 20'370-51T 81.821.91T 17-560.87T 24‘042-04T 84-422.87T 21.342.3(”

/\T\J%Z%ﬂﬁ
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60 |
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SR Score
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IAR Score
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Model Size (B)

Type Score
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M “EEEER

| “EFAEZHE"

FREIMEFRIF T AXEE

i Hbkk

- MEBxiTIHISEIERESmEEERT

- FeekiRZ=IAEn]SmEFIR-RE-EEEES

i =ik

o ETEHNZRNAVIRZREN S

- INEEZEREFINESEUERVeriOS-Bench

o ET AR Z IS HIREIEZERE
BEfKVeriOS-Agent

VeriOS-Bench VeriOS-Agent

(A) Interaction paradigm across OS agent, human, and GUI

’ Task: Record a map of my workout route in the health app.

J (a) Autonomous OS Agent
Health o e
Every step counts @ {y Thought: 4
| should continue with the task,
® 0/400 keal click the “continue” button.
A 23/7000steps Action,
- # 0/12times g
o CLICK[750,2769)
(e /" (b) Confidence-driven
© Interaction OS Agent
e { éﬁ?g{tm 2769
Show all ,‘/ Confidence score:
) 2 < thresholdy
Rkl haid i aﬂ Interrupt to let human operate
To be able to d a rfap of o) Thought:
your workout route, allow th

a4 | don't want the app to

app to access your loca:tion.

! access my location right.
cnce (EEND Action:

,,,,,, _— TASK_COMPLETE

a.2BMEEHF b.EEEANTZE
JERAT SMELTTU. MERERE

(c) Query-Driven Interaction OS Agent

Scenario:

Sensitive actions

Action:

ASK[To continue, | must actually allow this
app to access your location. Do you wish to
continue?]

M Answer:
aa | don't want the app to access my location

right now.

.é). Thought:

Through the query-answer pair, | learned
that the user does not want to grant location
permissions to the app at this moment.
Therefore, the task should be terminated.
Scenario:

Sensitive actions

Action:

TASK_COMPLETE

c. EHNAEFRZEH
AP, FIRERE

[1] Zheng Wu, Heyuan Huang, Xingyu Lou, Xiangmou Qu, Pengzhou Cheng, Zongru Wu, Weiwen Liu, Weinan Zhang, Jun Wang, Zhaoxiang Wang, Zhuosheng Zhang. "VeriOS: Query-Driven Proactive

Human-Agent-GUI Interaction for Trustworthy OS Agents." arXiv preprint arXiv:2509.07553 (2025).

[2] Pengzhou Cheng, Zheng Wu, Zongru Wu, Tianjie Ju, Aston Zhang, Zhuosheng Zhang, Gongshen Liu. OS-Kairos: Adaptive Interaction for MLLM-Powered GUI Agents
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- IRiEM
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BT

- AR
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(B) UntrustWorthy scenarios for OS agents

Food Delivery
z@ Meituan
Ele.me

Search
5 Google
# Baidu

Entertainment

TikTok
Bilibili

Communication

M Gmall
a WeChat
Shopping

\a} Amazon

Taobao

&Environmental Anomalies

: Drive has

stopped unexpectedly.

Continue or not?
A

6 OK. I will go

home and terminate
the task.

' Sensitive Actions
o

Stop execution.

: Continuing the
task requires access to
location info. Do you
allow it?

. I will click to allow
wh||e using the app.

@ Information Missing
o

: What is
your email
address?

e
: XX@xx.com
aa

: I will input

XX@xx.com.

0= . .
8& Multiple Choices
o=

: There are various food
choices, which one do you prefer?

@ . prefer the breakfast cereal.

Schools

7/ T \TF=7S

Desktop
=%  Windows

/ﬂ_'\ Linux
E8 Macos

- Mobile
U 1 Android

W Harmony

i0S

~ Tablet
lﬁl Android

&% Harmony

Web
@ Static
“;) Dynamic
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Scenario Judgment Accuracy Comparison

Qwen-VL-max 46.52

GPT-40 A 57.75

Qwen2.5-VL-72B

Models

= FIER AR

Qwen2.5-VL-32B

Qwen2.5-VL-7B

Qwen2.5-VL-3B

VeriOS-Agent (80.21 %)] ﬁEb_J E*Eﬁ

1
100

,_

%_I I oo s i — —— — T —— — — — — -

Accuracy (%)

Table 2. Pilot study on the step-wise success rate of the OS agent for normal scenarios after adding query-answer pairs.

Method Owen2.5-VL-3B Qwen2.5-VL-7B  Qwen2.5-VL-32B Qwen2.5-VL-72B
Zero-shol 3.66 37.80 60.98 71.95

+ QA pair 2.44 30.49 60.98 70.73

Change -33.33% -19.34% 0.00% -1.70%

/\T\J%“:%ﬂdﬁ B

15




- BT ARSI E RS ESAIREINER: ERESEER. MAITAIIER
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/" Two-Stage Learning Paradigm
(i) Meta-knowledge decoupling stage

- - —

\

/" Query-Driven Human-Agent-GUI Interaction

titled "Riding" on 9/29.

.é), Scenario: Normal scenario
- Action: CLICK[639,1549]

VeriOS-Agent performs tasks
automatically in normal scenarios.

R e e S RO B

\

_______

......

_______

@ Task: Help me book a meeting Bl Task: Search on Google for the CHI 2026 deadline.

@Scenario: Environmental anomalies
Action: ASK[The drive has stopped unexpectedly.
Do you want to continue with the task?]

aue Human answer: Click “CLOSE” and try again.

-é) Scenario: Environmental anomalies
~~-_Action: CLICK[182,466]

F %

Sequentially mixed Automated VeriOS-Agent
cumulative knowledge OS Agent

e A e S e

LR
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RGtEMIsEIR

- BB RER A IS T RN RS
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« VeriOS-AgentG—EOODgE
« AEIEAEBERANFEIFNRATLIZ L

AN

00D experiment (7B)
100

00D experiment (32B)

1

I w/o IM agent I w/o MC agent ---- Qwen2.5-VL

[ w/o SAagent [ w/o EA age

nt ---— VeriOS-Agent

ST e 80

EA SA NS Total SJA

MC M EA SA NS Total SJA
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HEEBRS
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Percept environment
€S

Input obersvation
0, €0

Wor id
uy

M

Jmem
) @

il

if there is a conflict.

HREIRIR

[Action]Navigate to the message history v/

HITIRIR

> HBREEH @ s /3

ZTITIHEIT L ~¥r g Think] Extract the event date and time v/ d
state space § . ‘/ﬁ% N LI e sy e e . . AHE @ pEnE
with state 2|5 ‘cwnmon . [TooHOMEV I 15
transition 311° \ / space M ‘ . > A {é 117
function T ® [Action}OesEoerdm e arbeter

Reward Open Calendar, navigate to April 20th N4 SERES

inkI-Chk le £ £ ith [, 4]
/—\ Mgme [Think} L 2 i&EiBTZ

=55 }
Execute action Output action Otherwise reply with “Cannot Attend” fa SubTask 2: Extract the event date and time.
E(a:) aeA K Return Signal: 18:30, April 20
i W | SubTask3: HOME
o000 : - - Check
BRRR 7t/ & ¥ Return Signal: Navigated to home screen arifm e

Check for conflicts with Gala at 18:30

[Action] Reply "Will Attend" if no conflict;

SubTask 1: Navigate to the message history.

Return Signal: Successfully Completed

#5¢: Read the latest invitation message from “EventOrg” containing an event date and time in Simp
% le SMS Messenger, extract that date/time, then open Simple Calendar Pro to check for any event or t
ask at that time; reply “Will Attend” in Simple SMS Messenger if no conflict or “Cannot Attend”
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Feedback

IREIABR

- [percoven mecen > G g e SR

@n: Open Taobao

tl decide to open Amazon } N

w <lPIan: Open Macy'’s, or you will

RERZ2EE

PANITASIR: ERIRERAIISOTAIREY
Sycophancy (i&}8):

Bk, MRS
Puffery (EKHiA): 8
1%, BISEMAIFEASTIAK]

Aggressive (}JEfMIA): EEBERARK.
WFE, BEUNHEENSIETH
’"-'-'-'-'-'\ I'st Round J— ''''''''''''''''''' L 2nd Round J """
é * g *"-"{& j"“ ,,
e~ | @i
RNCEY NI CE YN
§ Agents  Proposals : Agents Debate

Round Judge Round Judge

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

FRRE R FPRIR

REXRNEIEDRS. TRMMH, REMFMRBE, BURDEERRR
Incendiary (fBE1): EEIMATERRIRNRBEMESANTE, BaIRHHNIRES,
TAEBMRED. SXHHENENEE, IEEEFENR. MMz

WHEMAIR SRR, FBEEEES LRNBRNRES

HEE

OB T3 I

Debate

*iJ , /.:’;::c:.::. b
@1@ up g I ~7m
v I & 0

W 'You You lost
KBTI | ey v
L§

Agents Debate |«
E Final Judge
¥ Final Winner

Xinbei Ma, Ruotian Ma, Xingyu Chen, Zhengliang Shi, Mengru Wang, Qu Yang, Jen-tse Huang, Wenxuan Wang, Fanghua Ye, Qingxuan Jiang, Mengfei Zhou, Zhuosheng Zhang,
Rui Wang, Hai Zhao, Zhaopeng Tu, Xiaolong Li, Liefeng Bo. The Hunger Game Debate: On Over-Competition in Multi-Agent Systems
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— Sycophancy — Incendiary — Puffery

Gemini2.5-Pro Gemini2.5-Pro Gemini2.5-Pro
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- SOTA Al LEENTE, SKHIAMWEMA ¢ g g s
3] o 3] 3]
Egﬁ%?jﬁ Grok4 Grok4 Grok4
JAN E: iy £ I:I )\ AQ T = /__|_' > Mad (4 Agents) Hate (4 Agents) Hate (4 Agents) + Judge
A lﬁg E’JD K’EELFE’%{ jg — Sycophancy — 1Incendiary — Puffery

Basic

Basic Basic

- Gemini2.5-pro #1 Claude-Opus45=3 458
FGrok4, #7303

Peer-as-Judge
a8pn[ Jreq
Not Favored
a8pn[ Jreq
Not Favored
a3pn[ Jreq
Not Favored

Favored

Biased Judge Favored

— I o
IT{;J ° Overall Gemini-2.5-pro o3

— Aggressive

Gemini2.5-Pro

Grok4
Hate (10 Agents)

— Aggressive

Basic

Favored

Grok-4

a3pn[ Jreq

Gemini2.5-Pro

Claude-Opus4

Grok4

Hate (10 Agents) + Judge

Basic

Not Favored
a8pn[ Jreq

Favored

Claude-Opus-4

- Sycophancy (i&i/g): My esteemed colleagues have brilliantly expanded upon the foundational pillars I initially outlined.
- Incendiary (#5f1): We can cling to a nostalgic notion of human control while thousands die daily, or we can embrace a future where

transportation is safe, efficient, accessible, and sustainable.

- Puffery (KHid8): The transition to self-driving cars represents humanity's most critical infrastructure evolution since the interstate
highway system—not merely a safety upgrade, but a civilizational leap that will fundamentally reshape how we live, work, and prosper.

- Aggressive (FJEftiA): The Fatal Flaw in Current Proposals** Agent2 ‘s Sentinel Model requires ... Agent3's Apex Symbiosis

demands ... Agent1's Career Passport faces insurmountable interoperability challenges ... These aren't SOIW%?%CE%@
M L
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[1] You Only Look at Screens: Multimodal Chain-of-Action Agents [6] EVA: Red-Teaming GUI Agents via Evolving Indirect Prompt Injection
[2] Comprehensive Cognitive LLM Agent for Smartphone GUI Automation [7] LaSM: Layer-wise Scaling Mechanism for Defending Pop-up Attack on GUI Agents
[3] Caution for the Environment: Multimodal Agents are Susceptible to Environmental Distractions [8] Atomic-to-Compositional Generalization for Mobile Agents with A New Benchmark and Scheduling System
[4] OS-Kairos: Adaptive Interaction for MLLM-Powered GUI Agents [9] Quick on the Uptake: Eliciting Implicit Intents from Human Demonstrations for Personalized Mobile-Use Agents
[5] GEM: Gaussian Embedding Modeling for Out-of-Distribution Detection in GUI Agents [10] VeriOS: Query-Driven Proactive Human-Agent-GUI Interaction for Trustworthy OSAgents
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