Life Cycle of Skills

Construction, Update, Selection, Utilization & Internalization
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Format, Structure & Topology

 Information Density —

Diverse / Native Information Carrier

o Easy / Possible to Use at least with Specifically Tuned Models

(a) Raw History Memory
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Al A en(
g History Interactions

Retrieved 2
Top-k Tokenize

~ 10K Tokens
(10K Detailed Memory Tokens)

 Parametrized?

Compress Efficiency & Flexibility

(b) Textual Summary Memory
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(c) Visual Memory (Ours)
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Textual Summary Visual Memory ~ 1K Tokens
|
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Tokenize ® s
Uniform Adaptive =
Information Information r lnfo
Densit Density l 4,
£ rri ~10 Tokens ®
~ 1K Tokens (100 + 900) (}J? ~ 200 Tokens (100 + 100) High Res: More Details
Auxiliary details consume linear space

Smaller Text = Fewer Vision Tokens Low Res: Higher Compression Rate

Memory Retrieval fetches top-k text chunks from history

Textual Memory consolidates the history into a textual summary
Visual Memory compresses memory into images

» Multiple Skills : Hierarchical Topology
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Format & Structure——MemOCR (ICML 26)

(a) Memory Drafting in the (b) Memory Reading in the
Text Domain Vision Domain

(2) QA w/ Augmented Memory (Training Only)
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(c) Budget-Aware u
Training Objectives l
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= = A(T,mn
Update Phase 1 with YWg Update Phase 2 with
Aggregated Advantage Advantages for Separate Advantages

each QA Variant

1. In the text domain, agent drafts memory with layout control
2. In the vision domain, agent reads the memory under different visibility
3. Two stages via budget-aware objectives.
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Format & Structure——MemOCR (ICML 26)
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= Method: Aligning evidence importance with visibility via layout control

Evidence Granularity

Crucial

Detailed

(2) QA w/ Augmented Memory

(Training Only)
® - 9
2 Compressed
Question Maimony

Goal: Ensure crucial evidence
visible under limited budge.

(1) Standard QA
(Training & Inference)

( S i
® -
Question Memory

Goal: Optimize global
correctness with sufficient
memory budget

Identifying detailed
information is infeasible
under limited memory
budgets.

(3) QA w/ Augmented Question
(Training Only)

+

Memory

Detailed
Question

Goal: Ensure detailed info
clearly identified with
enough vision tokens.

High

Memory Budget

>
>

To prevent the shortcut of uniform text rendering, MemOCR employs three complementary training tasks

optimized via GRPO (Group Relative Policy Optimization):
Standard QA (Tstq): 512-token budget ensures global correctness

QA w/ Augmented Memory (Taugm): 4x per dimension downsampling (16x fewer pixels) forces
crucial evidence to remain readable under compression

QA w/ Augmented Question (7 ,ugq): Detail-oriented questions on uncompressed memory
preserve auxiliary information




Format & Structure——MemOCR (ICML 26 =

Table 1. Comparison of accuracy (%) across different context lengths (10K, 30K, and 100K tokens). Best results are highlighted in bold B MemOCR MemOCR w/o layout MemAgent Mema MemO
and second best in underline. The percentages in the Average column represent the performance drop relative to the 1024-token budget.
80
Method Memory Budget | HotpotQA 2Wiki NQ TriviaQA | Average _
(Tokens) | 10K 30K 100K | 10K 30K 100K | 10K 30K 100K | 10K 30K 100K | 10K 30K 100K g
=
Raw HSlory) Menory 3 60
Qwen2.5 100K 703 - - 539 611 - [508 - S . - 61.5 - - 3
RI-Distill Qwen 100K 508 125 08 |508 266 23 |352 39 16 |547 117 08 479 137 14 <
Qwen2.5-1M 100K 750 664 688 | 672 656 547 | 531 438 508 |7L1 773 594 66.6 63.3 58.4 T 40
Textual Summary Memory
1024 703 661 641 | 604 477 409 | 477 488 482 | 695 706 6l4 583
Memo 256 711 656 638 | 578 448 435 | 469 SL1 497 | 695 706 628 58.0 (05%) 20
64 567 609 562 | 539 422 433 | 469 438 500 | 664 659 625 53.2 (35%) _
16 370 433 349 | 284 315 276 | 414 341 430 | 653 628 589 2.9 264%) g 0 - ™ T |
1024 750 719 794 | 477 400 500 | 456 448 430 | 211 232 193 46.5 419 g 20 I
Momecr 256 578 573 570 | 383 328 417 | 479 336 380 | 172 242 183 37.0 205%  38.7 (192%) o
64 258 297 289 | 349 315 39.1 |27.1 250 240 130 195 138 26.4 (4327 264 (449%) 2 40
16 240 302 263 | 354 323 400 | 237 263 242 | 117 190 143 27.0 26.2 (453%) s
o]
1024 823 789 794 | 654 638 612 | 534 461 555 | 70.1 78.1 667 67.8 66.7 =60
MemAgsie 256 823 768 766 | 66.1 625 S58.1 | 513 443 536 695 776 672 | 67307 653 s
64 508 523 510 | 385 427 362 | 487 365 479 | 646 695 59.6 | 50.7(253% 5032 9
16 240 266 232 | 284 263 167 | 245 201 273 | 497 563 417 | 316w 323 csien 272 56w 1024 512 236 128 64 32 16 8
Visnal M Memory Budget (Tokens)
fisual Memory
1024 848 751 783 722 737 627 | 618 492 554 | 796 813 69.8] 66.6
MemOCR (Ours) 256 822 754 757 | 712 728 655 | 573 488 583 | 797 809 689 67.1 (0%
64 776 681 672 | 629 662 624 | 510 436 475 | 77.6 807 702 60. B P f m d
16 672 579 524 | 579 560 457 | 428 359 459 | 80.8 722 672 ette r errormance unaer

limited memory budget.
Memory Budgets: tokens for
memory at inference time.
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Actions: Construction, Update,
Selection, Utilization & Internalization




Construction, Update,

Selection, Utilization & Internalization

Information by Model

Exploration
Construction

Information by Others

Standardize

Update

Select 0—n & Utilize

Internalize

Why Internalize?
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Construction & Update——VitaBench 2.0 e S

User Information

a— s
- o User Profile % Preferences Interaction History =~ Task Sequence
Interaction History Personalized Memory Agentic Task
Past Interactions s s
o Browed: evening flights to g o low e
[ 9 @ Qingdm; on Chiga Egsiern healthy ~(Preference Shift) Order some takeout for me. g

Flight: evening departure,
China Eastern Airline I noticed you've recently been
focusing on low-fat eating. T'll
prioritize light, healthy options.

the airport

=9 \ Ordered: a mid-range hotel near
DO
_;k Searched: indoor swimming pools
P o

av = .
¢ nearby, good books to read at home Hotel: near airport, mid-range Tool Calli
f ‘ool Calling: -
i AT price —> Recommend: Light Salad
't biakog: | “rimmge @ Searchinekraunitie)
=3 Sure T look for nearby Leisure: feeling good —> swimming Agent retrieves Updated preference
(7 Sichuan or hotpot options. feeling down —> reading _ from Memory
— — ) Retriev
: Preference Drift
New Interactions Proactive
I 've been going to the gym .
lately and want to reduce my Food: Food: T want to relax tonight. Any g
body fat Spicy, Salty = i’:ghlf,daw—far Suggestion?
Sichuan ealthy
Got it | Should I prioritize UpdaTe l I remember that when you're feeling
ﬁgi healthier meals and workout- ”B, good you prefer swimming; otherwise,
related suggestions you prefer reading at home.

Memory Interface

Yes, especially high-protein, g »ml How are you feeling today ?

low-fat meals af fer training

=
r% E = Agent retrieves a conditional preference
j’ Searched: weight-loss diet, high i = 7 @\ @ and proactively asks for clarification
f} protein snacks, low-fat meal

Context Summary RAG > Vs @j

Eﬁ‘]ﬁ In-store &) Online Travel @ 66 Tools g% Users wlf 2000+

Delivery Consumption Y Agency Preferences




Construction & Update——VitaBench 2.0

Model

Claude-Opus-4.6

Doubao-Seed-2.0-pro

DeepSeek-V4-Pro

GPT-5

Claude-4.5-Sonnet

o3

DeepSeek-R1-0528

GLM-5.1

Doubao-Seed-1.6

GLM-4.5

GLM-4.6

MiniMax-M2.7

Gemini-2.5-Pro

Kimi-K2.6

Qwen3-Max

Gemini-2.5-Flash

Avg@4

0.503

0.474

0.472

0.441

0.417

0.403

0.396

0.394

0.373

0.364

0.359

0.345

0.331

0.293

0.284

0.282

Y Leaderboard

Performance under three memory settings, sorted by Avg@4 on Full Context. Bold = best in column.

Thinking Models Non-thinking Models

Full Context

Pass@4

0.664

0.683

0.649

0.658

0.658

0.653

0.691

0.587

0.599

0.623

0.612

0.584

0.605

0.533

0.499

0.556

Pass™4

0.337

0.270

0.295

0.226

0.197

0.169

0.131

0.213

0.176

0.156

0.116

0.145

0.109

0.099

0.105

0.063

Avg@4

0.454

0.428

0.449

0.421

0.397

0.401

0.412

0.352

0.383

0.311

0.351

0.351

0.378

0.280

0.324

0.312

Agentic Memory

Pass@4

0.645

0.650

0.656

0.647

0.642

0.669

0.712

0.556

0.646

0.596

0.625

0.609

0.638

0.508

0.599

0.567

Pass”4

0.259

0.225

0.255

0.204

0.178

0.154

0.118

0.150

0.123

0.106

0.107

0.124

0.138

0.088

0.091

0.098

Avg@4

0.430

0.339

0.430

0.410

0.374

0.362

0.390

0.328

0.375

0.336

0.336

0.314

0.320

0.303

0.315

0.309

RAG Memory

Pass@4

0.566

0.496

0.584

0.591

0.573

0.587

0.643

0.485

0.591

0.555

0.574

0.518

0.579

0.511

0.519

0.544

Pass"4

0.299

0.205

0.271

0.236

0.186

0.158

0.153

0.185

0.179

0.147

0.135

0.143

0.109

0.118

0.134

0.107
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https://vitabench?2.github.io/
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Internalization——SKkillO
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Internalization——SkillO

zm K7

Table 1: Performance on ALFWorld and Search-QA tasks. We report the success rate (%) and
the average context token cost (k) per step. T denotes models validated with skill augmentation; *
denotes methods that encodes visual context with reduced token overhead. We simply reproduce
results of SkillRL-3B without cold start and skill evolution. Best and second-best are highlighted.

ALFWorld Search-QA

Method Pick Look Clean Heat Cool Pick2 Avgt Cost) NQ Triv Pop Hotp 2Wk MuS Bam Avg? Cost]
Qwen2.5-(VL)-3B-Instruct

Zero-Shot 270 243 45 205 102 0.0 152 121 94 313 198 150 148 47 168 159 048
Few-Shot' 441 451 305 441 92 33 293 230 118 309 202 137 184 45 256 179 0386
Zero-Shot* 443 276 86 31 57 31 176 048 102 277 109 9.1 122 37 152 127 015
Few-Shot*! 571 253 45 55 102 94 238 088 11.1 262 142 154 134 30 192 146 036
GRPO 926 857 706 866 793 650 799 1.02 393 60.6 41.1 374 346 154 264 364 0.61
AgentOCR* 919 818 760 733 761 700 782 0.38 386 565 41.7 33.6 307 14.6 240 342 026
EvolveR 713 245 479 417 246 225 441 189 434 584 434 373 381 137 328 382 -
SkillRL' 919 100 829 874 787 70.0 824 221 386 57.6 403 336 31.1 133 58.1 389 0.87
SKILLO* 95.6 804 100 86.7 787 752 879 038 398 575 423 351 337 133 63.7 408 0.18
Qwen2.5-(VL)-7B-Instruci

Zero-Shot 676 354 193 313 301 44 313 108 104 324 223 158 154 72 192 175 0.70
Few-Shot! 754 649 675 267 194 89 484 212 123 368 245 177 182 65 248 20.1 097
Zero-Shot* 460 356 191 7.1 55 54 211 052 69 304 120 105 91 55 240 140 0.26
Few-Shot*T 443 554 529 0.0 112 54 289 179 105 319 187 142 144 69 248 173 041
GRPO 926 938 852 80.0 827 565 818 095 451 63.7 440 43.6 432 168 376 419 073
AgentOCR* 95.6 962 781 732 724 720 812 043 431 61.0 454 408 383 157 368 40.1 036
EvolveR 649 333 464 133 333 333 438 - 435 634 459 382 420 156 544 431 -
SkillRL' 979 714 90.0 90.0 955 87.5 899 - 459 633 459 432 403 202 738 471 -
SKILLO* 100 858 946 819 857 80.1 89.8 041 427 61.1 453 400 383 164 669 444 034

Table 2: Performance on WebShop (128 tasks). We report the Score (%), Acc (%) and the average
context token cost (k) per step. All methods encode visual context with reduced token overhead.

Inference Qwen2.5-VL-3B Qwen2.5-VL-7B
Method w/ Skills Scoret Accuracy? Tokens| Scoret Accuracy? Tokens|
Baselines
Zero-Shot 23.4 6.3 0.46k 26.8 7.8 0.48k
Few-Shot v 45.8 [+22.4] 18.4 [+12.1] 0.78k [+0.52k] 51.2 [+24.4] 24.2[+16.4] 0.91k [+0.43k]
AgentOCR 75.2 [+51.8] 56.3 [+50.0]1 0.42k [-0.04k] 78.6 [+51.8] 59.3 [+51.5] 0.40k [-0.08k]
Ours: RL w/ Skills
SKILLO v 80.9 [+57.5] 64.1 [+57.8] 0.94k [+0.48k] 85.3 [+58.5] 71.9[+64.1] 0.89k [+0.41k]
SKILLO 78.6 [+55.2] 66.4 [+60.1] 0.49k [+0.03k] 85.1 [+58.3] 74.2[+66.4] 0.46k [-0.02k]
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Internalization——SDAR

Agent Loop OPSD

SkI”S Retnewll 6@ Self—TeacherI
S Given the Current Situation |, it seems
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Internalization——SDAR

ALFWorld Search-QA WebShop
Method Pick Look CleanHeat Cool Pick2 Avg NQ Triv Pop Hotp 2Wk MuS Bam Avg Score Acc
Quwen2.5-3B-Instruct
Vanilla 444 111 62 154 286 125 219 246 481 310 263 253 72 597 317 67 08
Skill-Prompt* 517 66.7 484 00 43 10.0 289 237 462 306 244 221 75 125 239 02 08
OPSD 488 417 167 00 158 167 281 01 01 01 00 00 00 00 00 113 3.1
GRPO 912 625 962 619 650 474 750 393 60.6 411 374 346 154 264 364 798 633
Skill-GRPO 889 714 588 70.6 40.7 29.2 602 435 588 43.0 36.8 322 117 125 341 773 60.9
Skill-GRPO* 943 571 100 667 73.1 571 805 443 59.6 443 39.0 361 145 149 361 763 664
GRPO+OPSD 100 824 857 750 700 60.0 81.2 449 612 452 404 385 16.0 66.1 44.6 778 66.4
Skill-SD 882 50.0 962 524 650 579 734 444 604 440 395 404 154 649 441 759 640
RLSD 879 750 909 750 73.1 684 79.7 415 586 423 404 402 168 669 43.8 844 66.4
SDAR 971 625 100 619 750 842 844 448 581 443 38.6 362 157 66.1 434 850 68.0
Quwen2.5-7B-Instruct
Vanilla 361 222 31 00 00 00 125 252 508 295 29.0 290 104 637 339 59 16
Skill-Prompt* 517 50.0 323 53 43 00 234 309 521 327 327 279 127 661 364 17 08
OPSD 500 60.0 227 214 176 95 328 88 86 175 25 42 05 12 62 45 23
GRPO 912 875 962 810 650 579 812 451 63.7 440 43.6 432 168 37.6 420 809 726
Skill-GRPO 885 667 652 611 577 731 695 452 637 457 431 433 196 214 403 804 719
Skill-GRPO* 100 833 964 833 750 78.9 883 448 630 451 437 437 205 714 475 870 812
GRPO+OPSD 914 615 100 875 76.5 522 804 473 645 469 438 393 180 694 47.0 868 765
Skill-SD 939 93.8 909 100 692 684 851 47.1 645 478 442 421 202 69.0 478 86.1 765
RLSD 100 875 923 588 80.0 652 820 468 63.0 444 455 489 215 73.0 49.0 874 773
SDAR 947 750 100 86.7 682 78.9 859 463 635 482 438 484 196 73.0 49.0 894 828
Quwen3-1.7B-Instruct
Vanilla 250 222 31 00 214 42 125 294 469 370 235 196 64 105 248 465 47
Skill-Prompt* 103 50.0 161 00 00 50 94 294 465 362 229 208 43 101 243 230 23
OPSD 263 333 91 00 45 53 141 42 83 46 66 153 07 12 58 474 93
GRPO 711 417 364 400 318 31.6 461 40.0 589 435 354 303 120 657 408 673 383
Skill-GRPO 276 545 227 273 00 192 211 392 586 439 352 282 115 66.1 404 734 461
Skill-GRPO* 314 429 519 83 115 71 281 380 584 439 363 290 125 66.9 40.7 804 50.0
GRPO+OPSD 382 50.0 30.8 286 30.0 21.1 32.0 40.7 589 450 37.0 346 133 657 422 707 383
Skill-SD 529 375 69.2 429 600 36.8 523 39.1 575 454 348 341 107 641 408 818 53.9
RLSD 500 375 615 190 50.0 21.1 422 386 573 43.0 345 341 115 653 40.6 740 50.8
SDAR 735 250 769 333 400 36.8 53.9 39.7 589 453 359 355 126 653 419 768 58.6

Teacher-Student Gap

——— GRPO+OPSD

=0.10 05 1 SDAR (Ours)

~0.12
2 04 7

~0.14 4 &
2

016 - $:087
&

0.8 02 4

_020 4 — GrrO+0OPSD

SDAR (Qurs) 0.1 4
T T T T T T T T T T T T T T T
0 20 40 60 80 00 120 140 0 20 40 60 80 100 120 140
Step Step
ALFWorld Search-QA WebShop
505 812 797 344 475 470 478 90 90 53.9 =
750 S 734 420 7§ 50.0 508
! L
! 364 i
i 33.9 383 383
289 281
219
93
52 £7 54
| | | | | | | A e | | |

Training-free Methods
B Vanilla [0 Skill-Prompt

Training Methods
I OPSD EEE GRPO HEE Skill-GRPO -»- Val w/ Skills

Hybrid Training Methods
0 GRPO+OPSD [ Skill-SD  HEE RLSD I SDAR
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Utilization & Internalization——SKkill0.5

[ General-Skill Pool |

*  Visit every element
exactly once without
repeats or omissions

*  Verify all goals are done
before stopping,

otherwise keep acting Policy

Model

®

.’ Specific-Skill Pool j
*  Open the microwave, put 4

the object inside, execute
the heat action

* Hold the object, walk to
desklamp, and issue a
single USE command

ﬁ

,________

A Hard Tasks (success rate =10)

Teacher trajectory with General Skills

Teacher Agent
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Utilization & Internalization——SKkill0.5

—— GRPO+0PSD
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Training Methods
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Training-free Methods
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Hybrid Training Methods
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Utilization & Internalization——3kill0.5 zm £

Method 1 | oan

Pick Cool Clean Avg. Rank | | Look Heat Pick2 Avg. Rank |
Prompt-based Methods
Zero-shot 286 120 185 207 172 385 125 125 189 155
Few-shot 629 440 630 575 120 | 462 312 83 245 128
ReAct 714 280 333 47.1 133 462 188 125 226 128
Reflexion 857 440 444 609 103 46.2 313 292 340 8.7
Mem0O 543 4.0 185 287 175 385 188 42 170 157
ExpeL 80.0 44.0 66.7 65.5 9.5 462 188 208 189 112
MemP 657 120 333 402 153 462 375 125 283 110
SimpleMem 714 160 444 47.1 133 53.8 18.8 20.8 283 9.5
RL-based Methods
RLOO 914 800 815 85.1 43 61.5 563 208 415 5.8
GRPO 80.0 72.0 889 80.5 6.2 769 563 167 434 5.5
Memory-Augmented RL Methods
MemRL 743 120 556 506 127 462 125 458 358 9.7
EvolveR 886 52.0 815 759 6.2 462 62 50.0 358 100
Mem0+GRPO 657 200 519 483 132 231 62 208 170 150
SimpleMem+GRPO 85.7 520 703 71.3 7.7 61.5 438 417 472 4.5
Skill-Augmented RL Methods
SkillRL 914 840 963 908 27 69.2 750 125 453 6.3
SKILLO 943 760 815 85.1 3.8 46.2 50.0 292 39.6 15
SLIM 914 84.0 704 828 4.5 53.8 313 292 358 7.0
Skill0.5 943 88.0 963 931 1.3 69.2 875 333 585 2.5

Table 1: Performance comparison on ALFWorld under ID and OOD task settings. Best and second-best results
in each column are highlighted, respectively. Average Rank is computed across all evaluated settings.




Selection & Utilization & Internalization——Skill1

(a) Agent Loop —| Task (b) Training paradigms Comparisons
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Selection & Utilization & Internalization——=SKill1 =m 3£

Stage 1: Selectio "
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Selection & Utilization & Internalization——=3kill1 zm £

ALFWorld (Success %) WebShop
Method Pick Look Clean Heat Cool Pick2 Avg. Score  Succ.
w/o Training

Zero-Shot 334 21.6 19.3 6.9 2.8 32 14.8 26.4 7.8

ReAct (Yao et al., 2022b) 48.5 354 343 13.2 18.2 17.6 31.2 46.2 19.5
Reflexion (Shinn et al., 2023) 62.0 41.6 44.9 309 36.3 23.8 427 58.1 28.8
Mem0 (Chhikara et al., 2025) 54.0 55.0 26.9 364 20.8 7.7 33.6 239 2.0

ExpeL (Zhao et al., 2024) 21.0 67.0 55.0 52.0 71.0 6.0 46.3 309 11.2

RL-Trained w/o Skills
PPO (Schulman et al., 2017) 92.3 64.0 92.5 89.5 80.3 68.8 80.4 814 687
RLOO (Ahmadian et al., 2024) 87.6 78.2 873 81.3 71.9 48.9 75.5 803 657
GRPO (Shao et al., 2024) 90.8 66.1 89.3 74.7 72.5 64.7 77.6 793  66.1
GiGPO (Feng et al., 2025) 97.7 82.7 98.8 83.7 89.3 79.2 90.8 844 728
RL-Trained w/ Skills

EvolveR (Wu et al., 2025) 64.9 333 46.4 13.3 333 333 438 42.5 17.6
Mem0 (Chhikara et al., 2025) w/ GRPO 78.1 54.8 56.1 31.0 65.0 26.9 54.7 58.1 3175
SimpleMem (Liu et al., 2026a) w/ GRPO 89.5 36.3 60.0 50.0 64.9 26.3 62.5 67.8 469
SkillRL. (Xia et al., 2026) 97.9 71.4 90.0 90.0 95.5 87.5 89.9 852 727
RetroAgent (Zhang et al., 2026a) 97.9 90.9 99.2 929 853 91.0 94.9 88.9 82.3
Skilll (Ours) 1000.., 986.., 973 992..; 9%.1., 960, 975.. | 8.7 829
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Selection & Utilization & Internalization——Skill1
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Pick Look Clean Heat Cool Pick2 Avg.
Skilll 100.0 98.6 97.3 992 961 96.0 | 975
w/o Select. 96.9 90.3 98.0 90.4 86.5 85.3 91.8
w/o Distill. 97.4 88.5 98.1 96.1 87.6 89.5 92.4
w/o Library 96.7 71.5 94.9 70.7 71.5 65.5 80.9
w/ A1=0 99.5 80.5 98.8 1000 906 84.9 94.0
w/ Aa=0 1000 854 95.5 96.4 91.0 96.2 94.9
w/ A1=A2=0 98.1 74.9 95.6 95.6 79.5 87.2 90.2
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