/N /L

OO

O
OO
O
O

MobilelPL: Enhancing Mobile Agents' Thinking Process
via Iterative Preference Learning
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Overview
* A Typical Mobile GUI Task

O Task: Automating user tasks on mobile apps
through GUI interaction.

O Example: Find tomorrow’s Beijing AQI in
Caiyun Weather.

* Two Key Challenges in GUI-Agent Self-
training

O Challenge 1: Existing self-training supervises
actions or outcomes, but not step-level thought
quality.

[0 Challenge 2: Warm-up SFT may overfit easy
downstream patterns and reduce reasoning
diversity.

Only Supervise Final Answer

Page Description

No Supervision

Action Description

No Supervision

Correct Answer

Reward: Match
Reasoning Reward Hacking - > Fragile generalization

Challenge 1
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Before Warm-up SFT

Before: Multi-path Exploration
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After Warm-up SFT

After: Single-path Overfitting

Challenge 2



Method

Ll
L" \fph Instruction Evolution \

Seed : AITZ Annotations

*Instruction": “Install app \"DuckDuckGo Privacy Sy Brcaer
Browser\"", OuckDuckto
"Action”: "click on the \"Install\" button located .. . ¢

at the left and upper middle part of the screen." - “
Level I : Core Basic Capabilities L e

Q: Where can you find the app rating in the image? =

A: The app rating '4.6*" is located at coordinates
<|box_start|»(62,214) (151,228 |box_end|>.

Q: What is the function of the ‘Install’ button in
the image?

A: The 'Install' button is used to download and
install the DuckDuckGo Privacy Browser app.

Level III : GUI Advanced FAQ

Q : What elements are included in the 'Website Protection’ screenshot?

A : The 'Website Protection’ screenshot includes an image of a website
and text indicating it blocks hidden trackers.

Q : What is the layout of the 'Tools" and 'Browsers’ buttons?
A The 'Tools" and 'Browsers’ buttons are positioned horizontally

%x‘r to each other below the 'About this app’ section, /

Stagel: Instruction Evolution = Stage2: CoaT Action-Level Sampling =—» Stage3: Preference Learning

/MuITi—Round Contrastive Pairs Filter

Instruction IV

Instruction I

Instruction IV

Action  Action Action Action Action Action Action Actio

Instruction Evolution: warm up SFT with diverse Q&A pairs based on real mobile Ul screenshots to improve
GUI understanding and reduce overfitting.
CoaT Tree Sampling: build a multi-turn reasoning tree for each action step to explore diverse step-level

reasoning paths.

T-DPO Training: score leaf actions and backpropagate rewards to optimize step-level thought quality.



Main Experiments

Atomic Model Training Data  Gmail Booking Music SHEIN News CM ToDo Signal Yelp Overall
Model Mode - . . .

scrory,  CLICK TYPE  ooooo crop Total SeeClick-7B AITW-+External ~ 28.2 29.4 181 200 300 531 307 371 274 3044
type match type match type match SphAgent-7B AITW 32.1 459 461 351 483 6L1 559 433 429 4563
CogAgent (CoaT) 7S 7022 8823 6615 4580 2180 4595 2460 7259 5328 PPRARCIE S SR 6l.7 - Bl I o o B
AUTO-GUI (CoaT) ~ FT 6140 7456 3220 8720 8140 5770 7440 8298 47.69 Analjl-MoE AMEX 63.1 623 685 589 8.0 3547 625 83 669 6410
PRt FF: | S wEsi cion #90. wEh G ead Luish e UGround-7B AMEX 70.9 688 727 637 717 617 637 801 67.6 69.12
Seeclick-7B PE 1114 6992 5296 5380 5300 67.88 5536 6293 49.11 SphAgent-7B AITW + AMEX 624  68.1 763 719 686 673 716 660 641  69.14
UGround-7B PF 5822 8094 5848 8256 7385 5822 6878 7454 60.19 0S-Atlas-7B AMEX 61.1 735 779 616 752 664 710 759 720 7033
0S-Atlas-7B PF 7612 7582 5483 87.80 8160 68.67 8L75 77.83 65.11 UI-Tars-7B AMEX 67.7 700 718 638 715 677 770 864 728 7033

UL-Tars-7B PF 5250 8303 6427 89.97 8276 6187 7435 7759 656 — _ _
Bersiei i . ] ) i ] ] ) R R e R AMEX 580  70.1 766 638 794 668 678 802 766 6901
Qwen2-VL-7B (CoaT) ~FT 4750 8153 5972 8196 7385 5822 6739 7426 6036 ) X2 bail L L
AITZ-Seed FT 4283 8248 53.16 8256 7529 56.65 61.82 73.14 55.40 MobileIPL-7B AMEX (Seed) 570 602 688 631 750 302 66 7.7 626 6219
MobileIPL IPL 5108 9L73 7145 8820 8340 5169 7817 8190 69.15 MobileIPL 77.3 71.8 80.0 684 8.3 713 735 821 718 7429

AlITZ AMEX

* MobileIPL significantly improves atomic * MobileIPL achieves the best overall result on AMEX,

action prediction on AITZ, with clear gains 1n outperforming both the seed model baseline and CoaT-
overall type and match accuracy. based training.
* This shows better fine-grained grounding at * This demonstrates stronger generalization across

the action level. realistic mobile apps and tasks.



Analysis Experiments

Set 1: Action Thought without Evolution Set 2: Action Thought with Evolution
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Evoluted Thought Embeddings

Model Scroll Click Type Press Total
MobileIPL-R1 45.8 71.1  81.2 235 65.4
- IPL 46.9 504 786 554 60.4(-5.0)
- Evo (R1) 44.8 677 78.8 240 62.9(-2.5)
- IPL Negative (R1) 46.9 61.1 742 56.6 61.4(-4.0)

- IPL + Naive DPO (R1) 47.5 59.7 73.8 58.2 60.3(-5.1)
- 1/2 training data (R1) 429 68.3 79.0 43.8 64.8 (-0.6)
- 4/5 training data (R2) 30.8 67.1 776 332 60.6 (-4.8)

~200 ~200
~200 -150 -100 -50 0 50 100 150
Comparison of Tree Standard Deviation and Accuracy Tree Sampling Diversity Distribution
1.0 1.0
B Thought B Thought
Evolution Thought Evolution Thought
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Standard Deviation Accurac y Consistently correct Both Consistent Error
Diversity Analysis

* Instruction evolution increases thought
diversity and improves tree-level accuracy.

* This helps the model explore more
reasonable alternatives during sampling.

Ablation Study
Model Accuracy Rollouts per sentence
MobileIPL (Ours) 69.15 ~27
SPO-Chain 68.03 ~54
GRPO 66.29 8

Compared with other RL method

Ablation study show that both instruction evolution
and step-level IPL are essential, and replacing our
design with naive DPO consistently hurts performance.
Compared with other RL baselines, MobilelIPL also
achieves the best accuracy with a better trade-off
between rollout cost and effectiveness.
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