PR #1793 RBEHR L

radixark/miles
feat(optimizer): NVMe optimizer-state streaming as a miles plugin
&FBtla]: 2026-08-01 13:57
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PATHRE

« —A)13E: NVMe LB RSRNIES, step BEEFELA 52%

- WENME: EERIER. ZPRESTECEDNRTANTEIRELN: ZAHXKK. B
AP DERDTHRE. LR assert BEFRE IR TR M= B ER, LHEEX
> _Stager.transfer By dtype RE T %3, plan_buckets 5 DDP BRI, UK
actor_factory Xt torch_memory_saver Z#H|HF T REE—XEHEFTE KA RL Y%k
ARGIeE R XE,

THRES B

PR body BAHaTEHH : —offload-train-target=disk (#1575) RAEFEMEL R spill B{FH actor
, "That cannot help when the optimizer state does not fit the GPU while the step runs
— by the time the Adam kernel launches, everything is resident again", A L BEIRSE
step BATHREBAAR AT GPU B, offload TLREA A1; streaming 7 =&k, ZMLHISEHE
Megatron-LM#63 Z&XIEIE (GLM-5.2 744B 8xGB300. Qwen3.5-35B-A3B 8xH200) , &
PR &N miles #ik Megatron MR FFHA checkpoint #F

SRR

1. LIFRESZBIGRE . ¥ Megatron-LM#63 B megatron/core/optimizer/nvme_state_sto
re.py 3£\ miles_plugins/optimizers/nvme_stream.py (+522 17) , #iEC
DistributedOptimizer WA AL if self._nvme_state_store is not None %24 _bind() &
BISZBI4RE . step_with_ready _grads %82 store.step() (&%%K all-gather BER) .
reload_model_params Bt 3| store.refresh_main_from_model_params.
state_dict/load_state_dict/sharded_state_dict 3R[EI%, ® save_to/load_from & E 5
F¥%¥, miles M miles/backends/megatron_utils/model.py B
setup_model_and_optimizer I lazy import BEKEEE, Megatron MIHERAR{RE
checkpointing.py BB—x$F,

2. BEESEIREXFGME: £ miles/utils/arguments.py
—stream-optimizer-state-to-disk 5§ --stream-optimizer-state-moment-dtype (BRIA fp32
, B[ bf16/fp16/fp8e4m3/fp8ebm2, fp8 A¥EHE) , HEH
--offload-train-disk-dir/--offload-train-disk-chunk-mb (FHL&I&BRFBER) . RERS
L ISR S E|E storage/ & state B9FF % : reset_optimizer_states.
save_local_weight_checksum. enable_witness, & E F I optimizer_cpu_offload.



4.

offload_optimizer_states. precision-aware optimizer. # LoRA & multi-LoRA.
—indep-dp (rank BXE cell %) , FHiEHIEK --offload-train-target=disk,

. RAAEZ S NVMeOptimizerStateStore ## DDP bucket B4 entry, BH

plan_buckets #% 200M numel EFRt14%, 5 DDP K bucket #i##a; &1 _Bucket #H M
S XA (main/exp_avg/exp_avg_sq =Bz 4096 343F) . ML mEH) FusedAdam 5
/0 1mfs K. step() FEA bucket AT M1t storage -> AN -> & bucket Adam EF ->
EIHEWN T SHFERSHES -> EE -> storage B, BIR fetch Ri main, moment
B FusedAdam TEMEIZZEB/%E; Stager AEZ A/ pinned £ #, ¥ dtype # 01
SEREMEER (bf16 491k 40 /£, fp8 APk 100 12) . BEXBHEAER. RHEBT atexit
=K,

FERMIFEEEE: miles/ray/train/actor_factory.py X LD_PRELOAD #y
torch_memory_saver —#HF WREE (& TMS_INIT_ENABLE_DISK_BACKUP)
, FrIEIEAR =3 %12 8% disk TE. pause FELEMR. resume RERVIBHUART, &AL
rollout F&ILEK, NaN/grad-norm &, #3E tests/e2e/megatron/test_gwen3_4B_offlo
ad_disk_stream.py, FR5Z¥ colocate RL fE¥RSM, F3Z rank BrE worker HEHIL
NVMe streaming step:, FEIE“FF %X E KB E TR BRI ; tests/ci/labels.py H3g
miles-plugin #r%&, LoRA MR B XM stream_optimizer_state_to_disk=False,
docs/advanced/disk-offload.md #3¢ streaming &% (& R$AF resume. R
checkpoint. fp8 RIEESRA])

R

miles_plugins/optimizers/nvme_stream.py ({3t b e83EH; K5 source; £R
dependency-wiring; &5 _Entry, _align, _resize, _allocate_file) : 4~ PR B9
NVMe thAb B RESRNFETESLIN, & _Stager Fi. _Bucket &£ HA.
checkpoint BAEARAS A MEF T,

. tests/e2e/megatron/test_gwen3_4B_offload_disk_stream.py (#3k E2E MiRk; 25| test

; KA test-coverage; 5 prepare, _assert_offloaded_to_disk, _assert_streamed,
execute) : ¥ E2E MR : BIERNES#ME offload AEEESE colocate RL &R TAE
, & rank BIERANENEKLE, HRERAIL

miles/utils/arguments.py (123t 8425 ; K5 source; FE AR dependency-wiring) : &
BEBEAL: FEAND switch, TEANEARESIHIEX, HEPRESEETIRSAEL
HHTE, BRI TS,

miles/backends/megatron_utils/model.py (3R #AIRE; K5 source; KR
data-contract) : EELAH: & setup_model_and_optimizer ¥#FF % lazy import i
F setup_optimizer_state_streaming, & miles fll5 Megatron By —iE4E,
miles/ray/train/actor_factory.py (#3k Actor T ; 285l source; E#&
dependency-wiring) : ¥ 3E5F T : X LD_PRELOAD # torch_memory_saver — 3t &|#F
TAE, MLIBRTE disk E3mSEK resume ERERMIEN. HARIAAEEM NaN #&KfE,
miles_plugins/optimizers/__init__.py (#3k #&HEAD; 25| source; R core-logic) :
FIEHFEOAD XX, MZOER—EHIE, FriR miles_plugins/optimizers #p4 & 8] Ay 3¢

Mo



. tests/fast/backends/megatron_utils/test_lora_model_branches.py (#3k LoRA JMR,; 2
Bl test; A test-coverage) : MIRLHER: AME args B helper M
stream_optimizer_state_to_disk=False, fRiE LoRA 2 MR Z F I,

« docs/advanced/disk-offload.md (FEk HEXKY; 25| docs; A documentation) : Ih
REXHY: HT¥E optimizer-state streaming &, &AL, UFMEX. bf16 B, R
# resume/ B checkpoint/fp8 RIEZE=IFRAI, UKL FHLE ZhnaUkE A,

. tests/ci/labels.py (3R CI #7%; 27| test; XA test-coverage) : Cl BeE: ¥
miles-plugin 472, ATFEHA PR 5| E2E MR,

KBS setup_optimizer_state_streaming, NVMeOptimizerStateStore.init,
NVMeOptimizerStateStore.step, NVMeOptimizerStateStore.refresh_main_from_model_pa
rams, NVMeOptimizerStateStore.save_to, NVMeOptimizerStateStore.load_from,
_Bucket.fetch, Bucket.flush, Bucket.materialize_main, _Bucket.allocate_moments,
_Stager.transfer, plan_buckets, _rw_full, _allocate_file, _build_fp32_optimizer,
_copy_main_to_model_params

KR Fr B]

miles_plugins/optimizers/nvme_stream.py

AR PR 9% NVMe AL BRSANEMN B LI, B8 Stager Fi. Bucket £4F
#A. checkpoint A ER A5 A MES T,

# NVMe AL BIRSARN: fp32 55 Adam FHEIR bucket BT A A1,
# step() F bucket &I : ¥k storage -> A -> & bucket FusedAdam B ->
# BEFENEISHERSIKEF -> BE -> storage Tk, @ EIFEWBAE— bucket W,

class _Stager:
# BEE AN pinned ENEFEA GPU <-> NVMe 35,
# TW—REH L VR, ENRESRAHE LR,
def __init__(self, nbytes: int):
self._buf = torch.empty(nbytes, dtype=torch.uint8, pin_memory=True)
self._bytes = self._buf.numpy()
self._device_buf = None

def _device_staging(self, dtype, numel, like):
# B dtype 89 GPU <-> pinned EHL#E#E N R4S E DMA BR1Z;
# BEREMT RIS, BRIZR dtype FH, bf16 Ak 40 2. fp8 Atk 100 &,
size = self._buf.numel()
if self._device_buf is None or self._device_buf.device = like.device:
self._device_buf = torch.empty(size, dtype=torch.uint8, device=like.device)
return self._device_buf[: numel * dtype.itemsize].view(dtype)

def transfer(self, fd, offset, tensor, dtype, *, to_disk):
flat = tensor.view(-1)
cast = dtype != flat.dtype
chunk = self._buf.numel() // dtype.itemsize
pos =0



while pos < flat.numel():
numel = min(chunk, flat.numel() - pos)
host = self._buf[: numel * dtype.itemsize].view(dtype)
at = offset + pos * dtype.itemsize
nbytes = numel * dtype.itemsize

if to_disk:
# 58 REBRAEEREMESE dtype, B2 pinned &P pwritev 55
if cast:

staged = self._device_staging(dtype, numel, flat)
staged.copy_(flat[pos:pos + numel])
host.copy_(staged)
else:
host.copy_(flat[pos:pos + numel])
_rw_full(os.pwritev, fd, at, self._bytes[:nbytes])
else:
# LE: preadv | pinned %%, B#E GPU (R#5L5# dtype)
_rw_full(os.preadv, fd, at, self._bytes[:nbytes])
if cast:
staged = self._device_staging(dtype, numel, flat)
staged.copy_(host)
flat[pos:pos + numel].copy_(staged)
else:
flat[pos:pos + numel].copy_(host)
pos += numel
return flat.numel() * dtype.itemsize

class _Bucket:
# —/ bucket BARANNR/NI/ERT: — DX, —BIRRHERNERE
# (main / exp_avg / exp_avg_sa) , URANEIRILTERN FusedAdam 5241,

def fetch(self) -> int:
# BR fetch R main: moment B FusedAdam TE step 1 1EPEBIzE,
# R RI X FIRRAE exp_avg / exp_avg_sq BXEIEIE,
return self._move(SEGMENTS if self.moments_ready else SEGMENTS|[:1], to_disk=False)

def flush(self, segments=SEGMENTS) -> int:
# B E )5 BI$E storage Bk 0 AN, GPU IEEEZF|R 5—/ bucket WE R,
moved = self._move(segments, to_disk=True)

self.moments_ready = self.moments_ready or tuple(segments) == SEGMENTS
return moved

def _move(self, segments, *, to_disk):
# £ (M) RI%A storage RECENE; #F (5&) FRA _resize BiK.

# ¥ dtype 3%%& (%0 bf16 moment) ® _Stager.transfer RNERHYIRE P TR,
moved = 0

for segment in segments:

for tensor, offset in self._tensors(segment):
if not to_disk:



_resize(tensor, tensor.numel())
moved += self._stager.transfer(
self.fd, offset, tensor, self.dtypes[segment], to_disk=to_disk

)
if to_disk:
_resize(tensor, 0)
return moved

tests/e2e/megatron/test_qwen3_4B_offload_disk_stream.py

¥ E2E MRk : BIERRNGHE offload HEEESL colocate RL A TAE, FH3& rank K
EARNENELAE, BHERIRERK,

#—— E2E Wi S : streaming RMEMNEE, MARRRKEA —
# MEINERBFEMEE: WRFXERLR actor P EKR, RIEFFARBK S,
# )RR R K. FWXER rank X worker BEF 2T HILESLH
# "NVMe streaming step:" i3k, #— rank #h¥| &K,
def _assert_streamed():
logs = glob.glob("/tmp/ray/session_latest/logs/worker-*")
assert logs, "no Ray worker logs to check for the streaming path"

streamed = set()
for path in logs:
with open(path, errors="ignore") as f:

if any("NVMe streaming step:'
streamed.add(path)

in line for line in ):

assert len(streamed) == NUM_GPUS, (
f"expected {NUM_GPUS} ranks to log streaming steps, saw {len(streamed)}"
)

print(f"optimizer state streaming ran on {len(streamed)} ranks")

miles/utils/arguments.py

SHEEAR: FAN switch, FRANTAHESIEX, AEFBEEETRSMER
s, ERRARGHN IS,

#—— SR streaming BURFBR LR ——
#RAFRBE, TE5¥ storage & step Z BIEHRA 0, master optimizer By
# RSB store 3A; FTA BB E B REBOEX B 2 1B,
# TN EeMNKRBEmMEFRRE, AERE,
if args.stream_optimizer_state_to_disk:
# R5 —offload-train-target=disk fXERE: WEEEZR—NEA
assert args.offload_train_target == "disk", (
"—-stream-optimizer-state-to-disk requires --offload-train-target=disk"
)
assert args.use_distributed_optimizer, "requires the distributed optimizer"
assert args.optimizer == "adam", "--optimizer adam required"
assert not (args.multi_lora or is_lora_enabled(args)), (
"LoRA checkpoint #1243 Megatron B save/load, store B save_to/load_from ~&fl%k"



assert not args.optimizer_cpu_offload, "mutually exclusive with CPU offload"

assert not args.offload_optimizer_states, "mutually exclusive with --offload-optimizer-states"”
assert not args.use_precision_aware_optimizer, "fp32 main params must be held by mcore"
assert not args.reset_optimizer_states, "reset would silently do nothing"

assert not args.save_local_weight_checksum, "param.main_param storage is resized to 0"

assert not args.enable_witness, "witness reads the master optimizer per-param state"

N D W

TP XA

BTt E P E= A

« &3F)RFF: Zhichenzzz # PR LB E “I will retarget this PR to main and merge #1575

first”, % & PR BE&4K PR, &ARILMAT,

Thebd &iEIX: Zhichenzzz £ approve B39 “qq: could we also add the cpu-offload
streaming as the choice?”, BIRZEERANMAERSHMER CPU &R, ZEDVRE
A PR H5EH, HRNRITEHSHE offload RATEE,

FEBRANMERIN: fzyzcjy ZFK review, & ‘not check in detail, but looks not invasive
and thus lgtm”,

&FHINFE base 2 XA (other): FIZITRPUT, TL main A base THREH.
BT % CPU offload BRI (design): PR HARITILIZEIN; %Akt 5R %
--stream-optimizer-state-to-disk {&#i --offload-train-target=disk, CPU = FIESZHL,
BT e EE8Y B

« FEERAMEHIA (other): B, RIFHEKBKEN,

R 5 B0
. RS

« BESERANK: copy_main_to_model_params X commit+ 4T X @R E
Megatron M523}, Megatron ARETREER; REGE assert world_range.size ==
shard_main_param.nelement() 14 tripwire, {B¥ B EMSEIZR S, fps
RE BT AT ae Bk B oIR8

- EYVANEE: store & _resize(main_param, 0) BiK storage, FTARMAFTIEREIZ (40
FERFTIERY main_param ZEE) BHSFFRRILEIS(E; KPR REBEZ Y T EAIH
reset_optimizer_states. save_local_weight_checksum. enable_witness,

- MEBENXEE: HPETREIEA B K, 8xH200 S actor_train +39% (bf16 moments)
checkpoint save ZR#F 8. % —async-save, RFAER BFEE R KR AEE,

« FEMNFS: EAEIP resume only, %% TP/PP/DP/EP £ H# layout assert £MK; FF
BRXNETERERRARIZ BB W checkpoint (F --no-load-optim 2 F AL 24K
) o

« FRERFE: —indep-dp T rank BE&A cell &2, B cell EERFZSTAFR
bucket X, BERHEAEL; torch_memory_saver [H=3# &I disk ERATE
actor_factory BaiBIkIK, MAZ mid-run 1 &5E&,



. BAYW: EA DP=1 AMA RL 1% (0 GLM-5.2 744B 8xGB300) , SRR RE &
EEBFKRIETRE (Qwen3-30B-A3B 520l -42.3 GB/-52%) , BRIA fp32 LEMRIELE R
AZE, bf16 RENKIMERE opt-in,

« REE: 1 miles_plugins/optimizers ¥ B £S5 miles-plugin Cl #:%; &
Megatron-LM#63 A7 5% duck-typed 284, Megatron MR LERE] +19 4T;
miles/utils/arguments.py B9E TGN FTThRERDENR H#,

- BBAE W : BT miles 5 L3 Megatron BTIMERER, (pinned commit S8 + Wr=
tripwire + BRBALR) |, EEAETARL optimizer state BYFT4FMEHRE X BB b 7F B AN
FFI,

« RFRARIE: BB REATE | BOERAKY , RGN resume Rl , step FEATHE
Ao, checkpoint save RIZFFEE |, fp8 BEAZHEE

RERIREE

« PR #1575 offload: paused-actor disk offload (—offload-train-target=disk): PR body 5
reviewer WibIEBAA PR MM #1575 2 £ (#1575 WAl A RPN E T XFHEHIEL Y,
A% PR body 3R #%3E) : streaming ERAHE —-offload-train-disk-dir/-offload-train-di
sk-chunk-mb 28 5#&EMF, BAME5 HRITIHE,

+ PR #63 feat(optimizer): NVMe streaming of DistributedOptimizer state: Megatron-LM
MeEESIN (BeE) , A PR EBIZEZIM Megatron A
miles_plugins/optimizers/nvme_stream.py, #5EHKREA % duck-typed 4y; PR
body BA# 'Pairs with radixark/Megatron-LM#63',



