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I Problem — code-as-Policies is slow & brittle

Latency

- Repetitive prefill over long CaP prompts
- Full regeneration after execution errors

Robustness

- Inconsistent code from fully generative decoding
- APl mismatches, missing safety guards, unstable control logic
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I ldea — Reuse validated functions, not full prompts

Cache function-level KV states of past validated policies and graft them into new ones.

Key idea: avoid full regeneration by reusing and patching validated function caches.

@ 2) (3)

Function-level KV Cache Cache-Stitching Cache-Patching
Store each validated function in Function-Interface Reuse cached interface KVs to reduce prefill and On runtime exceptions, generate only the corrected
and Function-Code tiers, both indexed by function ID. synthesize more robust code policies. span while preserving the prefix and suffix.
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I Motivating Scenario — Gas-Leakage Handling in Open-Domain Robot Tasks

In dynamic robot tasks, delayed or inconsistent code generation can turn small execution errors into cascading failures.

Domain B

Domain A
Pick up the burner and place it on the desk. 6' [ Gas is leaking from a disconnected hose.

(1) Conventional Code-as-Policies

i Observation
Conventional CaP: .. 12 # push_bing *
- 12 # do(): push the switch Full Regenerate |3 defpush_btn(env, *a, *"):
13 def do(env, p=None, **k): 14  bin_top = k.g{et("btn_top‘)
. ™4 gl e 15 s = k{"p"] if "p" in k else bitn_t

full regeneration delays response and CodeLLM 5 &ifnoweow. = CodeLLM i Iiisiamt -

16 pos=p, limeout=k.gel...) 17  res = move(env=env, pos=pos,

18 timeout=k{""], ...)

19 o, r,d=res

Gj 12_88 a Python Code @1 3-25 2? # if fail, try push with mode logic

(2) Functional Cache Grafting (ours)

may produce inconsistent control logic

U-—f Code Cache 1J L 4 Code Cache K1 [ -+ Code Cache K+1] 12 # Push the switch
- g | Jae obs, reward, done = push{env=anv, -
(”, ch ,_S . nc (Carhe | Indas
~ache-Stitching Cache Update target_pos="btn_top", timeout=3.0, ...)

F C G ra ft - 12 # Push the switch Cache-Patching 13 obs, reward, done = move(env=env, +

14 target_pos='btn_top', timeout=3.0, ...)

v 13 obs, reward, done = push(

oy 4 env=env, 15 obs, reward, done = push{env=anv,
reuses cached functions and patches CodelLLM + |i— }3 target_pos="btn_top", CodeLLM 16 target_pos="btn’, imeout=5.0, .
> meoul=3.0, ... 17 if done:
I f I f d . o ; ! l. 30 ) 5 ¢ X 18 f‘:,print(‘[Ta:sk} Task completed successfully!”)
only faulty spans for rapid recover . . - | ..
y y p p y C'y 6.33 ﬂ Python Code Gj 1 -1 s 2v print(*[Task] Task not completed yet") e G Leakage
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I FCGraft — Two-Tier Function-level KV Cache

Function-level KV Caching: a two-tier cache of modular function-level KVs for fast policy generation and recovery.

Function-Interface tier (I): stores function signatures + KV — supports writing function-call code.

Function-Code tier (C): stores code body + KV — supports both execution and in-place patching.

The hierarchy improves GPU memory utilization and the reusability of execution-validated functions.
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I FCGraft — Cache-Grafting Code Policy Synthesis

Cache-Grafting: reuse function-level caches for cheap generation and patch runtime errors without full rewriting.
Cache-stitching: retrieve function-unit KV caches and compose them — efficient code generation, skipping prefill.

Cache-patching: pre-mark exception-prone spans — partially edit the KV cache around just the failing region.

Selective re-processing of only the necessary composition and error region.
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| Evaluation Setup & Results

Environments
- Simulation(RLBench, ALFRED, TEACh) and Real-world validation(Franka Emika Research 3)
- Metric : Success Rate(sR), Policy Synthsis Latency(psL), ...

Results

ALFRED R It
- Rank 1 overall =St

Method SR 1 Latency (s) |
- 61.58% task success rate caP 1048 1021
HELPER 53.83 16.82
- 5.82s policy synthesis latency LRLL 56.28 16.02
RAGCache 39.29 13.48
PromptCache 40.37 12.82
Future Work FCGraft (ours) 61.58 5.82

- Shared code caches for
multi-agent collaboration
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