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My friend is coming to San
Francisco and | want to watch
tho sunrise with him at the
Golden Gate Bridge tomarrow
morning. We'll be coming from
Pacific Heights. Could you find
s & great viewing spat, check

the drive time and sunise time,
#hen set up o calendar event that
gives us enough time to get
thare?

and help dmp a calendar invite so | romomhm when | have to leave

Claude "“Computer Use”

(a) [Gmail] Write an email querying (b) [Google Maps] Find the nearest (c) [Temu] Add two paris of top (d) [X] Help me find AK's
about the project progress with... top rated coffee shop and direct... saled running shoes for women ... homepage url
L . E G 2

€ ® B i
From  xia0190525@gmail.com

o Y nemyscagmtcom | v
hi

querying about the project progress

Pick date & time

Ba =

AutoGLM “"Mobile Use”
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)
it

Use case gallery

Research Life Data Analysis Education Productivity WTF

o o <] o

Trip to Japan in April Deeply analyze Tesla stocks Interactive Course on the Comparative analysis of
Momentum Theorem insurance policies

oF Locatcus

B2B Supplier Sourcing Analyze Amazon's financial List of YC Companies Online store operation
report . ) analysis

Manus “General Ul Manipulation”

Liu et al. AutoGLM: Autonomous Foundation Agents for GUIs. ArXiv e-print. 2024.
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Booking a Reservation
on Open Table

') & Multion
1. Navigates 10 the Incorrect restaurant

v Correct restaurant

Yardbied Table & Bar - Lot
Angries

lected date is ir t. Updating...

EG R ZICIEE

100 OpenTable Success Rates

95.4%*
.
84.3%
2. Navigates back %0 the homepage 5. Opens date select \, 4. Selects Incorect date
- A s > . 75.2%
[ el ®  10pm table available. Booking now @
SRS s 67.2%
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- WebShop Success Rates @
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. Agent Q: Advanced Reasoning and Learning for Autonomous Al Agents. ArXiv e-print. 2024.
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PR Group Planning
J Description: This is a multi-hop : . : . t
| question answering benchmark, | (torrlna rqulretmer; s)
| the questions of which are all | (tool usage instructions)
from Wikipedia. o N | —=C0) @ - . - : : .
\ Examples: (Q=—)E=A) - I Meta Agent B Question: 750 7th Avenue and 101 Multiagent Debate Finetuning Generation Models
________________ /v Park Avenue, are located in which city? i————————————Iﬁp—uz;——————————l st
PIan-Agent | | |
o @_1_.0_01 E't_‘“;a_ry_ - v Automatic Tool Selection Thought: The question simplifies toC@D : : | | The “correct” output of Model The “correct” output of Model {
/El s ok S B A which city 750 7th Avenue and 101 ~=0 | | : 1 after the first round of N after the first round of |
8 I Park Avenue are located in. l only __- 5 : A Model N ! 1 multiagent debate {y; ;} multiagent debate {y,; v} I
Wiki Retrieve " ﬁ Calculator : —_— — need to search the addresses. | : | ¢ Finetuning ¢F tuni }
@ 5. Action: Retrieve[ ] | I Inetuning
Lookup @7 Code Interpreter | [ |
i | Meta-Agent Observation: 750 Seventh Avﬁnue isa | | [ g AG ] [ g AG |
\%H"ﬁ’“_’ N v Selactacioole 36-story office building in the Midtown : [ AL ] [ AL ] [ Yin ] ! : Generation Model 4, Somaitgn s il A |
; . Manhattan neighborhood of New Yon’k -
e Syntheslsv s S L b""d'gng | S ize th from other model | Finetuning Critic Models
hanat Obesevation: .. Thouaht % I [ ummarize the responses from other mode s] e e e
Thought: ... Thought: ... Jhought: . Tool-Agent 3% I r I
Action: Finish[New Action: Fl_tlm(nun.] ______ 1 | Round 2 | | . « R «
Dah““ :,::g?&om o ?m:x"‘,:x:: Thought: | have sufficient |nforn1atiga" I ¢ : L A mix of “correct and ) A mix of “correct and }
reflect your answer. I::vgh;ml e to answer the question. "_,' | [ Model ]. ] [MOdel n ] eoe [Model N] I : incorrect” Output of Model 1 incorrect” output of Model N |
Mem -Agent i oy A i e Action: Finish[ ] : || | after the m-th (m > 1) round | | after the m-th (m > 1) round ||
smm Tl Reward: 1.0 Reward: 0.0 Observation: Please reflect your  Acent | Round M : I | of multiagent debate {y,, 1} of multiagent debate {y,, n} ) |
v answer based on the history. "*"*g ’g‘ | [ Vv ] [ YMn ] [ YMN ] [ ; — : — ]
Self-Differentiation ¥ Thought: ALoieee 2 : 2 J 2 I : »L Finetuning »l« Finetuning }
\ Action: g l
Lora Jii @ | oo talf | | | [ 0nQ ic 0ng AT |
S i " - Py ritic Model A
F-n&‘l’um*g C@D \Qé‘v ‘ ,)) Observation: The answer is CORRECT. : Majority Voting Result § | : C Cl Ay 4 Critic Model Am,N }
, _- ' L ! L 4
| @D - | _—___——————— - - —-—-_ V===
. Meta-Agent | |
* Filtered _Plan-Agent  Tool-Agent Reflect-Agent,

Trajectories

AIoECERERE, JITHE (RFT) |, EER—ISa S SRR R S

Qiao et al. AutoAct: Automatic Agent Learning from Scratch for QA via Self-Planning. ACL 2024. Subramaniam et al. Multiagent Finetuning: Self Improvement with Diverse Reasoning Chains. ICLR 2025.
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Running task: FilesMoveFile 1 1
Running task FilesMoveFile with goal "Move the file holiday_photos.jpg from Podcasts within the sdk_gphone_x86_64 1 1
storage area to the DCIM within the same sdk_gphone x86_64 storage area in the Android filesystem." 1 1
I <html> I
B °
R B l ) <p> e </p> !
4 <div>

e e 1 : 1
v |[@ 3o s : 1 1
e ) 1 </div> 1
O vt 3 peam I I
o= g g T A Al R Bt e L E 1
UI element 24 . 1 </htm | > 1
r i | |
__ | = 1
t lick action_type='scroll, L 1
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Element 1: { -}

Element 2: { - }
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Ul element 3 © e D wem S g g
u»wm 7;cntll L
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UI clement 8 s D
- —
—— xo
action_type='click’, n_type='click', action_type='click’, action_type='status’ A H
ndroid Phone
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He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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(a) Single-Agent Learning LS (b) Multi-Agent Learning =g
Training I don’t think so. Maybe we should Training
Based on the knowledge\ Environment go back to the previous app ... Environment
of the environment, I 1 Action: [NAVIGATE BACK]
need to open Calendar to
add a schedule ... 0 @

I agree with Agent 0 to
use Calendar for schedule
2 management.

Action: [OPEN_APP 3]
Opened App 3:
Calendar J

. Based oa e baculs dge\ I don’t think so. There is no Calendar|
: app on current home page...
of the environment, I i Q
need to open Calendar to 1 Action: [NAVIGATE_LEFT]

add a schedule ... Tar'ge‘r 0 @ Tar'ge'r
Environment Environment

I need to open Calendar

Action: Q
[OPEN_APP 3]

Action: [OPEN_APP 3] Q

U014DZ||DJ2U29
Uo14DZ||DJ2U29

Action: [OPEN_APP 3]

I agree with Agent 1.
There is no App 3 Based on the observation,
on current page /

this home page is empty.

Action: 0
[NAVIGATE LEFT]

I need to open Calendar

Action: e
[OPEN_APP 3]

INERBMSFAELLZC, BERENZEMHIE. BE). S|IBRFESFERLIZH

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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(a) Single-Agent Learning LS (b) Multi-Agent Learning =g
Training I don’t think so. Maybe we should Training
Based on the knowledge Environment go back to the previous app ... Environment
of the environment, I 1 Action: [NAVIGATE BACK]
S5 S - /T /T

ey [ B SEEL I SR3AET_E RS M s IR A SR B R B RGZ L ?

I need to open Calendar

There is no App 3 Based on the observation,

on current page

aua a QUIC --° arae ,“‘)‘7‘ arge
: Environment \ Environment
Action: [OPEN_APP 3] w I agree with Agent 1.

this home page is empty.

Action: 6 \/ Action:
[OPEN_APP 3] [NAVIGATE_LEFT]

INERBMSFAELLZC, BERENZEMHIE. BE). S|IBRFESFERLIZH

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Interactive Feedback &
Environment Adaptation
=0 [I‘Sii:ﬁi‘*ﬁ?‘;ﬁgeg TokenZRiNM{EMZS (Value Network) AJIJIIGFNTEST
{ o} i TR R, BitBAEE, e TR EEEHEF
: = KRN BRI D PO EREA B NIZERS G,
- MA1 MA2
e e . (ERSERNRNF IR E BERENEEE, W
eolecoles AL TR G, IR T =S 86
Multi-Agent System : Wgﬁﬂggﬁmﬁg*ﬁgﬁﬂg?&%ﬁo
FooiayButtor Belief/Intent

el - (EHRZEeREIENENELTBE ST, 15
ommunication —_— — LS VN IN Vs —— == kS .
On-thely | Module = ZHREINERMRRRSRRTANS, EEIRITH
Onlne Optimizer f§f_ _ _ _ _ Online RL Module ZRINEER RS RERRE, FHHEHITRZML.

€

Policy Network On-the-fly ‘




| BIFhEBEE: BEFZEaelsISERES TR FES

- SIANVIG R Z EhRels, BFiE

A (- ] LTE4N
Ul element 4
X 1 selected < u

action_type='click’,

index=4

L

R E S HEode

/
_.-" Decision-making

{n Index=4 1
{‘D Index=0 0
M) Idex=4 1
N Navigate 0
back
Agent Action Reward
N J

—

{

action_type='click', index=4

MES, FHXIMSERIFES

T EE R REEIEIX
MRz, FPFIEREAET K
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He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Basic Environmental Knowledge

y 0

Question: What is the purpose of the current UI?

Response: This is an interface for setting the
recording format...

= UI understanding )/
P. aa |sz wmz 1 / \\\

Question: What action is associated with element 9?

P soos 96 kbps (@ 128 kbps

- @
192 kbps 256 kbps.

—— : Response: Element 9 is clickable and allows the
[CEED N user to change the ...
b

Element Recognition )/

Instruction Knowledge

Instruction: I want to select the M4a format.

Response: The recording format has been set
correctly...

Process Preference Knowledge

Critic Agent

Task: Record an audio clip using Audio Recorder app and save it.
Action history: Stepl: Open Audio Recorder app; Step2: ...

Current Ul description: Elementl: ... Element2: ... Element3: ...

ﬂ&[ Response: I need to click "Apply" ... Action: {"click", "index": 3}

I Adversarial Response: I should select “ Wav ” to ensure high-
@ quality ... Action: {"click", "index": 2}

Adversarial Agent

ERRRELRIIG: (frE—)

y\j.i—l Wiﬁ*ﬂ v \L ;E
SCIRZ I EREEE

IEERk, #Hifn
HEPRIEES S

TR ER
1. SREMRNSEEEXNAE
2. GREERAPIESEIEHTT)

EEEH T
5

75

(RIFF B ER
1. ERNSRERDIHUT
2. FIAEXMMEREAR, SRREYUTER

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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- BEFHiER—AE6eMRE, WESHEWPR
EERF, HS a6 EERtFS

OE LA b

1. NFELRR, LR NEREIMES R ATHYR

R, BEITHIER
2. THFIEREIRGS BRI T

LR ilﬂ%
a5 1E)|2

T'Ej:h)cuwen*/] ?‘ti [N =
BRTCAE, EHZ *”ﬁ‘éﬁli"%éﬁ

SIS0 F“ T

P2, SRR FERE

S A
gEmm—

(FirER

L Environment S, ﬂ Step k
Obs 07, | NoReward Action a;,
Agents (11, 2,..) J
Reward Matrix, 3. Credit Action Matrix, 7

Re-Assignment

p3Vy

Round Round

4, Preference Optimization 2. Actions Rolling Out

5 System
.‘ Updafe
= CID]] 1. Group

Adversarial Initialization
Agent Multi-Agent Reinforcement Learning

-

Data Collection Base Model Base UIAgent

Agentic Fine-Tuning

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Method ‘ Base model #Params #Agents Input SRAndroidWorld SRMMiniWoB++ AGeneralization
Agents based on Closed-Source LLMs
MB3A GPT-4 N/A il Text 30.6 59.7 -
M3A GPT-4 N/A i | Text & Image 25.4 67.7 -
SeeAct GPT-4 N/A 1 Text & Image 15.5 66.1 -
MB3A Gemini 1.5Pro N/A 1 Text 19.4 57.4 -
M3A Gemini 1.5Pro N/A 1 Text & Image 22.8 40.3 7
Agents based on Open-Source LLMs
Base Model Qwen2 7B i Text 6.2 12.9 -
Base Model Qwen2 VL 2B 1 Text & Image 0.0 10.0 -
InfiGUIAgent Qwen2 VL 2B 1 Text & Image 9:1 15.6 5.6
Base Model Qwen2.5 VL 3B 1 Text & Image 10.1 18.7 -
DigiRL Qwen2.5 VL 3B 1 Text & Image 223 35.2 16.5
DigiRL Qwen2.5 VL 3B 4 Text & Image 20.1 38.7 20.0
Our Methods
Base UIAgent Qwen2 7B 1 Text 18:9 48.4 35.5
Base UIAgent Qwen2 7B 4 Text 214 53.2 40.3
CollabUIAgentsopile Qwen2 7B 4 Text 29.3 61.2 48.3

BolRimUIIMET, (L{EAndroidWorldiFiE Eillg:, 1E)IIZr55mIMARE L,
EERTESBUFINR, WRAEEYAREERERERER

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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System | #Params #Agents Input Cross-Task Cross-Website Cross-Domain | Avg.
Agents based on Closed-Source LLMs
GPT-3.5-Turbo N/A 1 Text 17.4 16.2 18.6 17.4
GPT+4 N/A 1 Text 36.2 30.1 26.4 30.9
Agents based on Open-Source LLMs
Qwen-VL* 9.6B 1 Text & Image 12.6 10.1 8.0 102
SeeClick* 9.6B 1 Text & Image 23.7 18.8 20.2 20.9
Qwen2 7B 1 Text 8.6 6.3 7.5 74
Our Methods
Base UlAgent 7B 1 Text 13.4 10.6 11.8 11.9
nt 7R 4 Text 157 1192 129 139
IE!ollabUIAgentsmobﬂe 7B 4 Text 19.2 13.8 15.5 16.2]
CollabUTAgents,, swep * | /B 7 Text 315 32.7 75.1 30.
b/
Mind2WebIiiz4EES 5D
System | #Params #Agents e Cine | Avg.
| Cross-Task Cross-Domain Cross-Task Cross-Domain |
Agents based on Closed-Source LLMs
GPT-3.5-Turbo N/A i | 12.1 6.4 13.5 10.8 10.7
GPT-4 N/A 1 38.6 39.7 36.7 36.3 37.8
Claude2 N/A 1 13.2 8.1 13.0 79 10.5
Agents based on Open-Source LLMs
LLaMA2 7B 1 3.3 2.5 - - 2.9
LLaMA2 70B 1 8.3 8.9 - - 10.6
Qwen2 7B 1 8.6 9.4 8.1 7.8 8.5
Our Methods
Base UIAgent 7B 1 12.0 13.3 12.7 13.4 12.8
nt 7R 4 137 14 5 150 139 140
CollabUIAgents 7B 4 18.6 17.7 19:1 15.6 g_;l
olla 7T ST B NS S 1. 36.9 35.3 32.5 .

AutoWebBench4gE18 55

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generahzann. arXiv:2502.1449¢.
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- SEEMRATEERNMATH
fthifiE, ERESEIGREH RE
HIFIR

- BERimUBIMRZ AR S aH
EMATFRSUIME, HRTHRE
RN AR S I 14RE

« BoRinUINEZE R R KA T
DA R EEH{TS B REd IR
F3, MWlEIAE (Mind2Web)
Mo MmIIMAE (AutoWebBench)
L, t4eeEraRd AR R gElR

System | #Params #Agents Input Cross-Task Cross-Website Cross-Domain | Avg.
Agents based on Closed-Source LLMs
GPT-3.5-Turbo N/A 1 Text 17.4 16.2 18.6 17.4
GPT+4 N/A 1 Text 36.2 30.1 26.4 30.9
Agents based on Open-Source LLMs
Qwen-VL* 9.6B 1 Text & Image 12.6 10.1 8.0 102
SeeClick* 9.6B 1 Text & Image 23.7 18.8 20.2 20.9
Qwen2 7B 1 Text 8.6 6.3 7.5 74
Our Methods
Base UlAgent 7B 1 Text 13.4 10.6 11.8 11.9
Base UIAgent 7B 4 Text 15.7 11.2 12.9 13.2
Ll 7B 4 Text 192 13.8 155 162
EéollabUIAgentsm Sweh 7B 4 Text 34.5 32.7 25.1 30.7
. =z AN/
Mind2WebIiiz4EES 5D
System | #Params #Agents e Cine | Avg.
| Cross-Task Cross-Domain Cross-Task Cross-Domain |
Agents based on Closed-Source LLMs
GPT-3.5-Turbo N/A i | 12.1 6.4 13.5 10.8 10.7
GPT-4 N/A 1 38.6 39.7 36.7 36.3 37.8
Claude2 N/A 1 13.2 8.1 13.0 79 10.5
Agents based on Open-Source LLMs
LLaMA2 7B 1 3.3 2.5 - - 2.9
LLaMA2 70B 1 8.3 8.9 - - 10.6
Qwen2 7B 1 8.6 9.4 8.1 7.8 8.5
Our Methods
Base UIAgent 7B 1 12.0 13.3 12.7 134 12.8
Base UIAgent 7B 4 13.7 14.5 15.0 13.9 14.0
CollabUTA gents mepit 7B 4 18.6 127 19.1 15.6 177
CollabUIAgents,, ,web 7B 4 34.3 36.9 35.3 32,5 34.7

AutoWebBench4$gE15%y

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Method | SRAndroidWorld SRMMiniWoB++
Single-Agent Systems
Qwen2 6.2 12.9
Base UIAgent 18.9 48.4
Multi-Agent Systems (n = 4)

Qwen2 8.6 16.1

Base UIAgent 21.4 D32

CollabUIAgents,ohile 29.3 61.2
w/ PO — RFT 232 54.8
w/o CR 25.0 56.4
w /o0 Edge Update 27.6 58.1

CollabUIAgents,, . weh 26.7 58.1

ZaetinU ISR ERES

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Hfth—Linsights:

Method : | SRAndroidWorld  SRMMiniwoB++ ° E_Eﬁﬂﬂzéﬂt 1 é‘fﬂiﬁﬁ'ﬁ’\]%%
e Single-Agent Systess BER IR AR T R, (I
Base UlAgent 18.9 484 BITRAVIE RS SHREY/ BB R
oy VA S =0 ), S B R R AERME,
(S . . ==

Base UIAgent 21.4 53.2 #ﬁéﬁﬂﬁgﬁ?*ﬁﬂggﬁsﬁgt
CollabUIAgents ,opile 29.3 61.2

w/ PO — RFT 232 54.8

w/o CR 25.0 56.4

w/o Edge Update 27.6 58.1
CollabUIAgents, ,web 26.7 58.1

ZaletinU ISR ERES

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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Hitb—Lbinsights:

Method : | SRAndroidWorld SRMMiniWoB++ o f)ﬂbﬁ aq:i}g E’\Jﬁ ﬁﬁ ?E%*Eﬂ / %ﬁaﬂ ‘ﬁ-\g
Qwen? S S S T MERL, S EEHARGERA
Base UlAgent 189 184 £, EnEeEFIRBIZ BibEEN
Multi-Agent Systems (n = 4)
Qwen2 8.6 16.1
Base UIAgent 21.4 53.2 R sz mnabA g
Collsbll | Agentsn, o, 293 612 - BFINEF, B/ZEREMNIZRRT,
w/EQ S RI] 2z 248 B SIS PR T A
w/o Edge Update 27.6 58.1 HEESHIE (RFT) , AJBEERK
CollabUIAgents, ,web 26.7 58.1 Hy.—:. é.l—_Eﬁm E;J M4 s .
5T ) || GBI L AL Rl

ZaletinU ISR ERES

He et al. Enhancing Language Multi-Agent Learning with Multi-Agent Credit Re-Assignment for Interactive Environment Generalization. arXiv:2502.14496.
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