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« —A]1E: colocate TAAEREEZE bf16 &y, B 129GB AF / T &

- WESME: EEKIEL, &1t LM master cast + param all-gather 5 step end ZF{LAE[E"1E
NIBBRYE, A init-time BEBIS M opt-in SHA256 RIERK, 2 RAITEHRATE HNEEL
SBRe BINE A F*F TensorBackuperMainCast B lifecycle % it.
_assert_rematerialize_coverage K& Z #|#E (DDP buffer membership # DP>1 FHIIE
HatEIeiE) , WA _validate_rematerialize_param_from_master_weight &% assert
BEWEEASOCEER, SRt #1588 B/ critic-only fence SR E XL /| DAk
AR E B RN R

TN EES BAL

PR body BA#A3EH : colocate T weights_backuper & 8&A rank &% 2 bytes/param
pinned CPU bf16 BIA&, 7 GLM-5.2 744B L rank 3X 26-37.5 GB. #% & 104-150 GB
, Br 5 75 858/898 GiB By rollout (EWH, M update_weights ARLIELER live GPU X
E, wake FfX L  copy_main_params_to_model_params + param all-gather ZR{i & &
step KBY bf16 RE, EAWXTE CPU &HETULRN,

SRR
IR 5 R

1. #3713 CLI 535K : & miles/utils/arguments.py F#ig
--rematerialize-param-from-master-weight 5
--check-rematerialize-param-from-master-weight, F#rg
_validate_rematerialize_param_from_master_weight, ®3¥% guard /&3 (% FSDP
Namespace E#y AttributeError) , FM/E$E4 LoRA. --debug-disable-optimizer,
—indep-dp. 3E colocate. offload F| disk. IFEQFRAMAE. —keep-old-actor. T
optimizer-cpu-offload B precision-aware L. 8. --overlap-param-gather, %3]
advantages/returns. critic-only warmup & 4&; --debug-train-only &2k % AiZ245 M
; CIL X T EIFF R SHA256 R,

2. & EMEY B £ miles/utils/tensor_backper.py H#3¥E frozen dataclass
MainCastContext 5 _TensorBackuperMainCast &A1&, TensorBackuper.create 30
main_cast_ctx 2HORE L] 9k, FTZMARX actor R &R extras (expert_bias
buffer 5§ fp32 £%%) , restore FHAA ctx WM cast R® + start_param_sync EZEX



&,

ref/teacher %3k actor /%A master T[22, ZIHAI
_TensorBackuperNormal &8 2% pinned &4,

step post-hook)

3. EEFERE: I miles/backends/megatron_utils/rematerialize_utils.py, #&fit
build_main_cast_context 8% MainCastContext; _build_cast_main_to_params_fn X%
LB/ AAMAMAE ZE—AA chained_optimizers #

copy_main_params_to_model_params) 5 precision-aware + cpu-offload 8
=1

HybridDeviceOptimizer (33X replay_hybrid_device_copy_back E#& HDO B9@mA
DDP/expert-parallel buffer F. B4 extras &%, TN REsHEILK,

_assert_rematerialize_coverage B =&/ named parameter E4 1

flag BfAtA actor, R pause grad_buffer fifr¥ param buffer; update_weights £
5. MRELE: FIE tests/fast/utils/test_tensor_backper.py 5

4. Actor A4 EEAFEEN: & miles/backends/megatron_utils/actor.py #, sleep Bt B A%
KPS

RJEH pause param_buffer, 1RiE weight-sync #A[8] bf16 S¥A3 = # LB,

tests/fast/backends/megatron_utils/test_rematerialize_utils.py, &% bit &fFIR.

owned-shard iEX. chained optimizer &4 cast. HDO XX map EiK5Hh & %K.
SHA256 RIGEIREIF cycle 5 tensor set Tfk; tests/fast/utils/test_arguments.py 30
flag, IiE MCore 5 HDO P& 4R

TestValidateRematerializeParamFromMasterWeight 8935 / 164535 5EfE, e2e MIFE
cast B§2. BEWS,

11 /N colocate Mix (Qwen3-30B-A3B. Qwen3.5-35B. mimo-7B. gsm8k) # )2 A%

=

« miles/backends/megatron_utils/rematerialize_utils.py (13t ExEZ3Z 3 23| source;
A core-logic; &% build_main_cast_context, _build_cast_main_to_params_fn,

%

=

replay_hybrid_device_copy_back, _assert_rematerialize_coverage) : ¥k, &
M fp32 master ERMEERENREZH: MainCastContext %, MCore/HDO F4

[ 1L R SRS B B 7E B 50 5 A AR R

miles/utils/tensor_backper.py (123 &1 8%; K5 source; A dependency-wiring; F
miles/utils/arguments.py (#3 SHARE; KF source; E£R core-logic; K5

5 MainCastContext, create, _TensorBackuperMainCast) : &R BAZNHET B, i
MainCastContext 5 _TensorBackuperMainCast, ZER&ETE W EERK,

_validate_rematerialize_param_from_master_weight) : #3 CLI FF x5 #8938 5 BT
miles/backends/megatron_utils/actor.py (13 #4TE; 5| source; %A
dependency-wiring; 5 sleep, update_weights)

tests/fast/utils/test_tensor_backper.py (13t & 2EMR; 25| test; LR
FiR.

A P&FF param buffer % 3x%| update_weights /& pause, ZRNERF X,
test-coverage; 5 test _round_trip_restores_bit_identical_weights,

sleep/update_weights 4 &y JE #A$E

test_restore_only_covers_owned_shard_and_relies_on_param_sync,
test_check_verifies_first_cycles_and_raises_on_corruption,

test_non_actor_tag_keeps_full_pinned_copy) : Xt _TensorBackuperMainCast 8 bit %%
owned-shard. chained optimizer. SHA256 RIEEAT AHE T RBIE,



. tests/fast/backends/megatron_utils/test_rematerialize_utils.py (13 ZEZMR,; 5|
test; M test-coverage; 5 test_mcore_cast_calls_every chained_optimizer,
test_hdo_replay_covers_both_fractions, test_hdo_replay_cpu_hook_takes_precedence
_on_overlap) : 3&3F MCore 5 HybridDeviceOptimizer M5t cast BRIZHMES ZHKIE X,

XS build_main_cast_context, _build_cast_main_to_params_fn,
_replay_hybrid_device_copy_back, _assert_rematerialize_coverage,
_named_restore_extras, _TensorBackuperMainCast.backup,
_TensorBackuperMainCast.restore, _TensorBackuperMainCast.get,
TensorBackuper.create, _validate_rematerialize_param_from_master_weight

KR BR

miles/backends/megatron_utils/rematerialize_utils.py

FrIARLR, AEM fp32 master ERBMHEENXENTEZHE: MainCastContext A3,
MCore/HDO P4k cast B2, BEU=E,

# miles/backends/megatron_utils/rematerialize_utils.py
"“""Wiring for --rematerialize-param-from-master-weight. Rebuilds the low-precision

weights from the optimizer's master weights instead of a pinned CPU copy.

import logging
from argparse import Namespace
from collections.abc import Callable, Iterator, Sequence

import torch

from miles.backends.megatron_utils.misc_utils import strip_param_name_prefix
from miles.utils.tensor_backper import MainCastContext

logger = logging.getLogger(__name__)

def _named_restore_extras(model: Sequence[torch.nn.Module]) -> Iterator[tuple[str, torch.
Tensor]]:
"""Tensors with no master weight to rebuild from, so they keep a pinned backup.""
for vp_stage, model_module in enumerate(model):
# expert_bias ErE—HE B buffer, fp32 53k optimizer main 553K 554,
# ERTLIEM fp32 master M ExE, HNAMASRE /NG pinned &2,
for name, buffer in model_module.named_buffers():
if "expert_bias" in name:
yield f"vp_stages.{vp_stage}.{strip_param_name_prefix(name)}", buffer
for name, param in model_module.named_parameters():
if param.dtype == torch.float32:
yield f"vp_stages.{vp_stage}.{strip_param_name_prefix(name)}", param

def build_main_cast_context(



*, model: Sequenceltorch.nn.Module], optimizer

args: Namespace,
) -> MainCastContext:
extras = list(_named_restore_extras(model))
extras_bytes = sum(t.numel() * t.element_size() for _, t in extras)
logger.info(
f'rematerialize-param-from-master-weight: {len(extras)} extra tensors "
f"({extras_bytes / 2**20:.1f} MiB) kept in pinned backup: "
f"{[name for name, _ in extras[:20]]}"
)
return MainCastContext(
cast_main_to_params=_build_cast_main_to_params_fn(
optimizer, precision_aware=args.use_precision_aware_optimizer
),
model_chunks=model,
extras_getter=lambda: _named_restore_extras(model),
rematerializable_ids=_assert_rematerialize_coverage(model, extras),
check=args.check_rematerialize_param_from_master_weight,

)

miles/utils/tensor_backper.py

EMBEZOTEY R, ¥ MainCastContext 5 _TensorBackuperMainCast, Z2RNET B
BERIK,

class _TensorBackuperMainCast(TensorBackuper):
"""Rebuilds the actor weights instead of keeping a pinned CPU copy of them.

Restore replays the step end's cast + all-gather, so it is bit-identical. Only
“extras_getter” tensors keep a pinned backup. Non-actor tags (ref/teacher) have no
master weights to rebuild from, so they keep full pinned copies via a delegated
_TensorBackuperNormal.

_check_num_cycles = 2

def __init__(self, source_getter, ctx: MainCastContext):
super().__init__(source_getter=source_getter)
self._ctx = ctx
self._others = _TensorBackuperNormal(source_getter=source_getter)
self._extras_backup: dict[str, torch.Tensor] = {}
self._extras_backup_by_id: dict[int, torch.Tensor] = {}
self._backup_count = 0
self._expected_hashes: dict[str, str] | None = None

@property
def backup_tags(self):
return ["actor", *self._others.backup_tags]

@torch.no_grad()
def backup(self, tag: str) -> None:



# 3E actor #5%& (ref/teacher) %H master &z, ZHLA backuper RIFTEE X,
if tag != "actor":
return self._others.backup(tag)
# REMTIEM master B3 extras (expert_bias. fp32 £%#)
for name, tensor in self._ctx.extras_getter():
if name not in self._extras_backup:
self._extras_backup[name] = torch.empty_like(
tensor, device=torch.device("cpu"), pin_memory=True
)
self._extras_backup[name].copy_(tensor.detach(), non_blocking=True)
self._extras_backup_by_id[id(tensor)] = self._extras_backup[name]
torch.cuda.synchronize()
self._backup_count += 1
# AXATAN cycle i SHA256 &8 : cast Bi2#aE, B param-gather RSHLEIRIR
#RET—HREFRE, WHEN cycle BB,
if self._ctx.check and self._backup_count <= self._check_num_cycles:
self._expected_hashes = self._compute_hashes()
else:
self._expected_hashes = None

@torch.no_grad()
def restore(self, tag: str) -> None:
if tag != "actor":
return self. others.restore(tag)
# FA master cast + param all-gather EZ A rank By bf16 XE, 5 step end T2MMA,
self._ctx.cast_main_to_params()
for model_chunk in self._ctx.model_chunks:
model_chunk.start_param_sync(force_sync=True)
# extras 1AM pinned &R E.,
for name, tensor in self._ctx.extras_getter():
tensor.copy_(self._extras_backup[name], non_blocking=True)
torch.cuda.synchronize()
if self._expected_hashes is not None:
self._verify_hashes()

def get(self, tag: str):
if tag != "actor":
return self._others.get(tag)
# update_weights #Ai8] param buffer &-F paused X3, extras REEMEZRIRER,
out = {}
for name, tensor in self._source_getter():
backup = self._extras_backup_by_id.get(id(tensor))
if backup is None:
# E3BSEE DDP buffer iR 5i, ATXEZERE live GPU %,
assert (
id(tensor) in self._ctx.rematerializable_ids
), f"{name} is neither in the DDP param buffers nor in the extras backup"
backup = tensor.detach()
out[name] = backup



return out

miles/utils/arguments.py
g CLI A 5™ ENREMER S, LR REREERE AR,

def _validate_rematerialize_param_from_master_weight(args):
if not args.rematerialize_param_from_master_weight:
return
if args.debug_train_only:
# update_weights REIE1T, param buffer XM pause, BEIEREERE %A,
args.rematerialize_param_from_master_weight = False
return
# &MUEHR guard: JELLHTE BB N megatron £E 5%k, FSDP Namespace &
AttributeError,
assert (
args.train_backend == "megatron"
), "--rematerialize-param-from-master-weight reads Megatron's distributed-optimizer main
params"
from miles.backends.megatron_utils.lora_utils import is_lora_enabled

assert not is_lora_enabled(args), "--rematerialize-param-from-master-weight does not
support LoRA"
assert not args.debug_disable_optimizer, "--debug-disable-optimizer leaves no main params
to rematerialize from"
assert not args.indep_dp, (
"—-rematerialize-param-from-master-weight drops the backup inside update_weights, "
"which RayTrainGroup runs on the first alive cell only. Every other cell would "
"keep it for the whole run. Lift this once all cells update weights."
)
assert args.colocate and args.offload_train
assert args.offload_train_target == "cpu", (
"——offload-train-target=disk streams the weights to NVMe and reads them back from

"GPU after resume, so there is no backup for the rebuild to replace"

)

#.. HARWTEER

args.disable_param_buffers_cpu_backup = True

if args.ci_test:
args.check_rematerialize_param_from_master_weight = True

b RHA

review PFERAMNENREEPEEHMES A N —EME:

« yushengsu-thu #g§ update_weights # pause(param_buffer) < try/finally B, —E
update RWFEH (FI1ZERT. CI RELK) bf16 shard &, FEEN Y RNRITARTT
3X{B fault-tolerance T&A R, #A&UL —-indep-dp assert 3E4 FT A&, BELHE,

« yushengsu-thu 384 per-rank B8 SHA256 raise 7 DP>1 Bt&ibHAth rank H3# T —/1N&

EiBEHAEALZ NCCL watchdog hang, X all_reduce £WArE; EEERNIE FT 75
driver H¥:mA%R, FT 354 indep_dp assert 34{E, K52 all_reduce,



. gemini-code-assist[bot] £ requires_grad=False B ARLE S 3 ALE DDP buffer etk
BEKET, EINHAN extras; RARLKREEZS KXo

. yushengsu-thu #& SR B megatron T/@ 5%k, FSDP Eig4 AttributeError, B
--debug-disable-optimizer &1k optimizer=None 7 restore A 2% EEEE4
commit 46 guard 53 3B debug-disable-optimizer 5 LoRA 1ZHI B S HARIE N ER

« yushengsu-thu #£$8H tensor_backper 3| A\ backend #sF helper &1t megatron-less &
3% break; 1EEKRAAMIIN, hash_tensor_sha256, 11 ANMRABEZE importorskip.

« RESHRMN extras &1 (correctness): AR KRS requires_grad=False 9% ;
BEIWKREM, EEERBESAESHKBRAL flag KRHHEMK.

« BHRBBE XL guard 53 (correctness): EEEGEE commit #4% guard 53, HiE
debug_disable_optimizer 5 LoRA EAIZ|SHRIEMER, BARR,

. pause(param_buffer) B9 &4 (correctness): MEE BN ‘Y RIIRITARTX, FT &H &

, B indep_dp assert £4 FT A&, REKAEK try/finally, RFeHEZ,

SHA256 £ DP>1 THIL# R hang (correctness): fEZ EIN3E FT B driver E3EH8 5

, FT ¥ indep_dp assert $41%; all_reduce A EREZM,

« utils 1&# backend #AF helper (design): fE& R A AN _hash_tensor_sha256,
ER ci_utils, 11 NMURET megatron/sglang IFiEE, BARE,

« A SHA256 RAREEHT 2 A cycle (question): 1FEMERE: FahkiFedfE, cast BZHE T
%, B param-gather RSMPFKET —FREFRE, 2 4 cycle EBHIKRMRIE bug,

. weight-sync & 0 GPU &/ EF (performance): 1EE & flag B help SXABAMNE, T % R4
YLEH, BEARR,

« BAE R E M (design): RARBBNREE tensor_backper.py, RK#EBREH; fF&EX
R#E S,

R 5 B

« Qe TEXREFERAZ flag JERETH:

1. REEZZIEHM: &KE DDP buffer X5 & 142 master cast R &; {EFIFIA sync
source B tensor HRETE get() BRI E #41E, (ER%ESEK (requires_grad=False) &
W extras B &, BIERBAE B XK.

2. SR EKIER: SHA256 #REH) per-rank raise £ DP>1 TR &E5| % NCCL hang;
YHI{XEE indep_dp assert f@§& FT, 3E FT %% driver AASRIEAR S hang.

3. BEZ4E DO update_weights F pause(param_buffer) T try/finally, S%EKZET
bf16 shard &3, ®WMELAFIEE,

4. GPU {2 E#: weight-sync & BN param buffer %% {# GPU used ¥Ehn per-rank
bf16 shard (30B £ +7.9 GB) , help XABIE T 80GB BEHFEEIH mem-fraction,

5. FAEME: SHRELIEL LoRA. disk offload. indep-dp. critic-only 484, 2AE
ERHFBW ALK, BTTENR, - FM: PESEEREN megatron J5iHkY
colocate + offload-train(cpu) IN%: BAEEY S host BEANERM 8.5%-18% (
GLM-5.2 744B £ -129 GB/ ¥ &) , step BEIZML +1.4s 3| -1.5 s ($&2 1000
s B%) , RE bit &K—3, XIE colocate. FSDP. LoRA. disk offload.



fault-tolerance AP T (SHREEREIES) . WHEAME, X& colocate KAER
YLk host WA KR BEMF B, AHES Grace GPU 5 744B & MoE A, -
RFeARiE: ZoERRIEE  BRETESHAS , SHA256 KK REEK 0 R\
hang, AESHABEE , FERERTEMA

KRRk

« PR #1588 critic-only warmup: remove redundant update_weights (PR body 5| F) :
PR body BR#3ZZ| critic-only warmup B #1588 BIRITR EHFHMEMRA PR B9
num_critic_only_steps fence,

* PR #2203 Revert "Reject --disable-weights-backuper for LoRA + colocate +
offload-train" (#2077): FJ& weights_backuper 34T A5 arguments.py &%, B
PR Z3k enable_weights_backuper=True, 5§ #2077/#2203 2K & BEIEME X,

« PR #2077 Reject —disable-weights-backuper for LoRA + colocate + offload-train: R+
FE arguments.py A backuper HE5|I NTZHERE, 548 PR WREMER KR —S%K
RIS FKEE

« PR #2224 fix: derive --critic-save from --save so PPO critic checkpoints are not
silently skipped: EI A arguments.py BIBRIAME / KREePKEN, BEL PPO KEES5SH—K
M, ARILZS R RN R ELR A,



