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Introduction

Problem: Existing agent experience reuse methods insert historical trajectories or natural language guidance
into LLM prompts, which may introduce irrelevant details or miss key procedural steps.

Goal: Introduce a tree structure to organize historical experience and refine a generalizable MetaFlow
through layer-by-layer abstraction for efficient task matching and reuse.

Core Idea: Define an executable MetaFlow structure, train a MetaFlowGen generator with verifiable reward
signals, and build an experience tree using a hierarchical merging algorithm for efficient task reuse.
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Methodology

The input to MetaFlowGen consists of task descriptions, MetaFlow, and tool descriptions for two samples,
while the output is the MetaFlow and meta-task.
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This approach uses reinforcement learning to train the MetaFlowGen.
The training process is divided into two stages:

SFKT cold-start using data obtained from rejection sampling.

GRPO directly optimizes the model's reward.
The reward for each sample is the weighted sum of correctness (correct) and efficiency (Efficiency)

rewards.
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Methodology

 To improve inference efficiency, this approach first inductively organizes historical data into an
experience tree. Inspired by hierarchical clustering, we iteratively merge the two most similar nodes and
remove low-quality nodes until a complete tree structure is formed.

During inference, starting from the root node, the deepest node capable of solving the task is identified,
and the corresponding MetaFlow is instantiated.

Algorithm 1 Hierarchical MetaFlow Merging

Require: Leaf nodes D = {(g:, m.)}, distance metric d(-, -), MetaFlowGen 6, correctness threshold 7
Ensure: Hierarchical experience Tree T
1: Initialize: Initialize the set of nodes N +— D
2: while |[N| > 1do
3: Select the most similar node pair: From N/, select two most similar nodes n,n, based on the distance
metric d(-, )
4:  Generate candidate MetaFlow: Merge n1 and n2 using the MetaFlowGen 6 to produce a candidate
MetaFlow M
5:  Evaluate its correctness: Compute the correctness reward Romect for M
6: if Rcorrect >=T then
7 Use M as the new parent node to merge 7, and no
8 Remove n1, n2 from N and add M to N

L Discriminative 9: else
= Model 10: Use pure-agent node as the new parent node to merge n; and n»
) 11: Remove n1, n2 from N

P(qlQnode: M noge) 12: end if

[ R 1 S | G- ‘// x 13: end while
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Hierarchical MetaFlow 4 L Continue Return 14: Final merge: If there are more than one pure-agent nodes, merge them into a single top-level pure-agent
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15: return The complete experience Tree T
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Experiments

*  OnAppWorld, MetaFlow's TGC improvement is 33.1% and 31.6%, outperforming all baseline methods.

*  On WorkBench, MetaFlow improves accuracy by an average of 6.16% and reduces side effects by 4.13%,
outperforming all baseline methods.

Model Agent Type Configuration
Base w/Traj. w/Guideline w/MetaFLow
Reflexion 7.6 327 13.5 374
QwenZosdB  mangs 64 374 17.0 43.9
Reflexion 12.9 339 22.8 43.9
QuetZo-28  poe 22 491 38.6 50.9
.. Reflexion 13.5 374 20.5 45.6
GFAoeom. b 70 222 7.0 357
Model Analytics Calendar CRM Email PM MD Avg
YaccT Yesel Yeacct Yosel Yoaccl Yesel  Feacct  %sel  JoaccT  Yesel  YeaccT  Yese]  YoaccT  Yosel
GPT-4o0 30.8 53.8 53.0 19.7 30.9 14.5 32.8 259 8.16 0.0 16.3 48.9 272 33.1
Qwen2.5-7TB 18.2 60.3 27.6 355 16.0 30.5 9.31 43.8 8.57 6.12 9.39 53.9 14.3 43.0
w/ Traj. 30.8 46.2 18.2 48.5 18.2 327 15.5 46.6 14.3 12.2 8.16 57.1 16.3 44.8

w/ Guideline 218 513 379 470 200 527 155 552 102 612 816 605 174 495
w/MetaFlow 269 436 258 500 23.6 345 103 552 143 184 952 578 172 4638

Qwen2.5-32B 641 885 576 242 127 436 276 241 612 00 122 619 192 472
w/ Traj. 256 705 379 409 418 200 862 586 204 122 150 605 232 490
W/ Guideline 192 795 591 212 273 236 310 362 102 20 150 578 252 433

w/MewaFlow 244 692 591 197 273 236 319 328 122 41 184 558 283 404

GPT-40-mini 115 449 485 303 218 364 241 586 816 612 122 565 196 430
w/ Traj. 128 449 394 258 273 364 207 483 122 122 143 571 199 419
W/ Guideline 128 436 470 379 273 309 310 517 122 410 129 605 219 435 4

w/ MetaFlow — 19.2 30.8 53.0 15.2 16.4 23.6 31.0 46.6 16.3 4.08 224 51.7 26.1 33.6




Thank You!
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