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PATHE

- —4)3%: FSDP EI¥TRED A, BBE BN

- WEME: ESREIR, EA%T build_fsdp_meshes B _unflatten %5 " iZ#§ DP HF
T, X FSDP @ A1 " BIRITERE, WUEMBE parity worker WZREMiE 4% (&%
EXttb. ¥ rank bit-exact. RERXJR) . EiIXKFE zhihengy JE4LE) FSDP + CP X #F PR
, W& _unflatten Z£ PyTorch A& ERFEEM,

Th RES EAL

PR body BARAULER: FSDP WAIRAERA—4% 2%k mesh ("FSDP previously always used

a one-dimensional full-shard mesh") , £%k% F HEIEA DP 3%, BERERTRE,

Hybrid sharding B9 B 452 "reduces each parameter-shard group while retaining replicas
across groups, without changing the logical data-parallel domain used for data loading
and metric reduction"——BIEER R B HIBHATIEXMRIRT, €0 A%/, BAKEEH
, MTZERIAEY %k #5E all-gather/reduce-scatter BRIEE ., CP XFWEXFHRA

out of scope,

SRR
S 5 HRIF:

1. 25 B sh#IREE: miles/backends/experimental/fsdp_utils/arguments.py &
FSDPArgs $3EE#1 dp replicate_size: int = 1 FE& (BRA 1, RIEZLME#RE)
FHE validate_hybrid_shard_args M= BEMRY: dp_replicate_size >= 1. world_size %
context_parallel_size == 0. data_parallel_size % dp_replicate_size == 0, HfRE%:
_unflatten BEXIRRSEE A mesh, miles/utils/arguments.py ¥ parse_args BY3E
pipeline REA X AR ZRLE, FIEEHBIMER AR IEZR,

2. mesh ¥3&E4 % miles/backends/experimental/fsdp_utils/parallel.py #rig
build_fsdp_meshes, 26 init_device_mesh 3L (dp, cp) ZEMI&, B
dp_replicate_size > 1 BfX dp_mesh $4T _unflatten(0, (dp_replicate_size,
dp_shard_size), ("dp_replicate", "dp_shard")) 15%| FSDP £ H =% mesh; R¥CRE
dp_cp. dp. cp. fsdp EANGELIE, create fsdp_parallel_state B R MHIZREK,
ParallelState B intra_dp/cp % Grouplnfo ME =R mesh MEE group,



3. £ ZEO 5B AKE: miles/backends/training_utils/parallel.py A ParallelState ¥
meshes: dict[str, DeviceMesh] FE45 get mesh(name) A3k, 1EAJ/GH mesh ME YL
ZH O miles/backends/experimental/fsdp_utils/actor.py B EER G ref R B
apply fsdp2. fsdp2 load_full_state_dict 23fM get_mesh("fsdp") BX mesh, BY/R
dp_mesh BM, HEMBAUERERF ERESFH HTM

4. HAEMAEMIR : tests/fast-gpu/_fsdp_hybrid_shard _worker.py 523, 4 rank worker,
=M R E RS H EMME——materialize 58 DTensor #E 54 & all-reduce %
ERE—K (BE 2e-6 E%) . B rank 2UKR&EZENT bit-exact tb3R. gather_full_param
WBRRIEARE ; tests/fast-gpu/test_fsdp_hybrid_shard.py 33 torch.distributed.run &
R¥E r1s4/r2s2/r4ds1 FHFRIMNER X LT,

5. e2e Cl 5XHSBLE: reviewer EER/EIRZAMNT tests/e2e/fsdp/test_gwen3 4B fsdp _hyb
rid_shard _r2s2.py (4 GPU H200) 5 r2s4.py (8 GPU H100) /> GRPO 3##3|3# RL
ABFEMB| CI suite; tests/fast/backends/test fsdp _gwen3 true_on_policy.py B
monkeypatch M dp _mesh BMHEKA get_mesh F3EAFHEED;

docs/user-guide/cli-reference.md &1t --dp-replicate-size £3k3t8H,

REEF:

« miles/backends/experimental/fsdp_utils/parallel.py (#3k FH4THiE; K5 source; KR
core-logic; &5 build_fsdp_meshes, create_fsdp_parallel_state) : #ZGLZIXME: #7
build_fsdp_meshes ¥93& DP/CP/FSDP 4% mesh #LE, A
DeviceMesh._unflatten & dp #E & (dp_replicate, dp_shard), & hybrid sharding
HEA,

« miles/backends/experimental/fsdp_utils/arguments.py (13 S48 : 255 source;

EAM core-logic; &5 dp_replicate_size, validate_hybrid_shard_args) : #13g

dp_replicate_size 23 ZE X5 validate_hybrid_shard_args #EIMREE, 1RIEIEEIRINVER

RERRIER

tests/fast-gpu/_fsdp_hybrid_shard_worker.py (#i3k #ERE; £5| test; LR

test-coverage; 5 _Block, TinyModel, _make_model, _materialize_gradient) : 4

rank BEE —E M worker, EX T ZEWE A% (ZEHE. B rank bit-exact. XEZXR)

, I hybrid FRFNEFMERAZ QR T~

tests/fast-gpu/test_fsdp_hybrid_shard.py (HE3 BEMR; K5 test; KA

test-coverage; 45 _run_worker, test_fsdp_hybrid_shard_gradient_parity) : X

subprocess i 4 £ worker RORHE r1s4/r2s2/r4s1 FAIAEFN EAEE X X LAY, SEME]

stage-c-4-gpu-h200 CI,

miles/backends/experimental/fsdp_utils/actor.py (3R INZEHUIT; £ 5| source; H£KH

core-logic; 5 init, _create_ref_model) : FSDP JlIZ4PAT A B : apply _fsdp2 5

state-dict MEAM dp_mesh 1#3| get_mesh("fsdp"), BEEDH BEIEEBETE .

miles/backends/training_utils/parallel.py (13 FHITIRA; 2£5] source; FER core-logic

; f&5 ParallelState, get_mesh) : £EHTRESY E: ParallelState F3 meshes FH

5 get_mesh A%k, & mesh EBEBURBHAFEED,

. tests/e2e/fsdp/test_qwen3_4B_fsdp_hybrid_shard_r2s2.py (#ik 3@ CI; K57 test
: KA test-coverage; {45 prepare, execute) : reviewer #MAIRF|I RL Cl:



Qwen3-4B £ 4 GPU H200 LU -—-dp-replicate-size 2 ¥ GRPO, &% r2s2 #Fh.

. tests/e2e/fsdp/test_qwen3_4B_fsdp_hybrid_shard_r2s4.py (#ik 38338 CI; 253 test
. KA test-coverage; 45 prepare, execute) : reviewer #MEIRE|3H RL CI:
Qwen3-4B £ 8 GPU H100 L —-dp-replicate-size 2 ¥ GRPO, B % r2s4 #HFb.

« miles/utils/arguments.py (#3% SEA B ; EF source; A dependency-wiring; 5
parse_args) : BASHMITAD . EE pipeline R¥I4 X AHA
validate_hybrid_shard_args, it FSDP #aFMREEXT CLI A 3K,

. tests/fast/backends/test_fsdp_gwen3_true_on_policy.py ({Eik BNERE; P test; 2
A test-coverage) : MA FSDP BENEEHHED : monkeypatch M dp_mesh BMEKA
get_mesh A%, BAREE O ER REIRELA MR,

« docs/user-guide/cli-reference.md (13 X#%; 25| docs; EA documentation) : CLI
HE XAYEAD —-dp-replicate-size, fRIEALSEAE XA E,

XEFE: build_fsdp_meshes, create_fsdp_parallel_state, validate_hybrid_shard_args,
get_mesh, test_fsdp_hybrid_shard_gradient_parity, _run_worker, _fully_shard_model,
_materialize_gradient, _reference_gradients

KR BR

miles/backends/experimental/fsdp_utils/arguments.py

¥ dp_replicate_size 23 E X5 validate_hybrid_shard_args #a3MREE, {RIEIEEIEINE
Ja sh A FE 8o

# miles/backends/experimental/fsdp_utils/arguments.py

def validate_hybrid_shard_args(args) -> None:
" RIS RIR e B A R 1E KA FSDP2 hybrid-shard mesh, "
replicate_size = args.dp_replicate_size
if replicate_size < 1:
raise ValueError(f'dp_replicate_size must be at least 1, got {replicate_size}")

world_size = args.actor_num_nodes * args.actor_num_gpus_per_node
if args.context_parallel_size < 1:
raise ValueError(
f'context_parallel_size must be at least 1, got {args.context_parallel_size}"
)
if world_size % args.context_parallel_size:
raise ValueError(
f'world_size({world_size}) must be divisible by "
f'context_parallel_size({args.context_parallel_size})"

# RA data_parallel_size REMEE H|H K/ NERET,
# _unflatten((dp_replicate, dp_shard)) A REXIK BE S T mesh
data_parallel_size = world_size // args.context_parallel_size
if data_parallel_size % replicate_size:

raise ValueError(



f'data_parallel_size({data_parallel_size}) must be divisible by "
f'"dp_replicate_size({replicate_size})"

)
tests/fast-gpu/_fsdp_hybrid_shard_worker.py

4 rank BEE—3KM worker, EXTZEME A% (B2ZHE. B rank bit-exact. XEXJR)
, ZISIE hybrid FRFMIERMEAAZNER T =,

# tests/fast-gpu/_fsdp_hybrid_shard_worker.py
# 4 £ worker: Xt ris4. r2s2. r4s1 =f3aFM FSDP2 #E — R LS

def _materialize_gradient(param: nn.Parameter) -> torch.Tensor:
# FSDP2 B E = DTensor (A AYI%D) , % materialize EEEKER IR
grad = param.grad
assert grad is not None
return grad.full_tensor() if isinstance(grad, DTensor) else grad

def _reference_gradients(
inputs: torch.Tensor, world_size: int
) -> dict[str, torch.Tensor]:
# SEME: RoRAERNEERE, BIESEEE2I rank X all-reduce B3,
# B3R5 HFEHATIEX —ROHABEHE
model = _make_model()
model(inputs).square().mean().backward()

gradients = {}

for name, param in model.named_parameters():
assert param.grad is not None
gradient = param.grad.detach().clone()
dist.all_reduce(gradient)
gradient /= world_size
gradients[name] = gradient

return gradients

def fully_shard_model(model: _TinyModel, mesh) -> None:
# 81 Block —& FSDP2 &4k, B MEABRL—E,
# 5EZIINEFZRE fully_shard BIF%E—3K
for block in model.blocks:
fully_shard(block, mesh=mesh)
fully_shard(model, mesh=mesh)

def main() -> None:
parser = argparse.ArgumentParser()
parser.add_argument("--replicate-size", type=int, required=True)

parser.add_argument("—output", required=True)
args = parser.parse_args()



local_rank = int(os.environ["LOCAL_RANK"])
torch.cuda.set_device(local_rank)

dist.init_process_group("nccl", device_id=torch.device("cuda", local_rank))
rank = dist.get_rank()

world_size = dist.get_world_size()

shard_size = world_size // args.replicate_size

meshes = build_fsdp_meshes(
device_type="cuda",
world_size=world_size,
context_parallel_size=1,
dp_replicate_size=args.replicate_size,
)
fsdp_mesh = meshes|["fsdp"]
# B8 HARRMA 1D mesh, ZEHFIARA 2D (dp_replicate, dp_shard)
assert fsdp_mesh.ndim == (1 if args.replicate_size == 1 else 2)

generator = torch.Generator(device="cuda").manual_seed(9000 + rank)
inputs = torch.randn(8, 32, generator=generator, device="cuda")
expected_gradients = _reference_gradients(inputs, world_size)

model = _make_model()
initial_weights = {

name: param.detach().clone() for name, param in model.named_parameters()
}
_fully_shard_model(model, fsdp_mesh)
model(inputs).square().mean().backward()

gradients = {}
for name, param in model.named_parameters():
actual = _materialize_gradient(param).detach()
#1) 54% all-reduce 2EHEXLL, REBHIE 2e-6 ER

torch.testing.assert_close(actual, expected_gradients[name], rtol=2e-5, atol=2e-6)

# 2) B rank 2RERZEXLR: BELSHF TENERATE RN
# BEERMEL—E (bit-exact) , &M on-policy & X SR
peers = [torch.empty_like(actual) for _ in range(world_size)]
dist.all_gather(peers, actual)
for peer in peers[1:]:

torch.testing.assert_close(peers[0], peer, rtol=0, atol=0)
gradients[name] = actual.cpu()

# 3) KA EHZ gather_full_param #b3E R AR E
full_param = gather_full_param(param)
torch.testing.assert_close(full_param, initial_weights[name])

if rank ==
torch.save(gradients, args.output)
print(f"PASS r{args.replicate_size}s{shard_size}", flush=True)



dist.barrier()
dist.destroy_process_group()

TR AL
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«CP BZf: Zhichenzzz T issue T F 9] "Great feature! btw is cp testing covered
in this PR?"; zhihengy EIZ LGTM, H#tB5/FE7E Miles-diffusion SLH HSDP B &1t
WHRAZE, CP HBAEEEMAEE, &5 PR MEZRS5MR, £162 CP BABRARER
PR 4F, 1B mesh ¥3EBEWE cp WE,

« ISIEIEEA R PR body 3§ Qwen3.5-4B By exploratory Xttt (train/rollout log-prob #
0.02516 vs 0.01817) BA#AREAN "retained for follow-up but is not used as
validation evidence", RUHZE WA EMRF Qwen3-4B ZiF RL SRR BRWBAESRE, &
T EAS R IIE AR

« Reviewer 30 Cl: Zhichenzzz review APPROVED 3 7&3& "I will add one more hybrid
dp ci e2e test", A LUIERK dfeaf8b (author A Zhichenzzz) &3 r2s2 5§ r2s4 wmA
e2e AP, TR author SZIL + reviewer NI BITIMERE R,

- CPMIREBERTEEE PR N (question): CP BRFAHIFRER PR SEEZ SN, BELM
PR BR#; A PR 8 mesh ME B cp £EME,

« HSDP A £ 5 Miles-diffusion SZIMXFF (design): 7 EFERRE reviewer P, LTI
Wit B IE,

« XM % hybrid DP 3533 CI iR (testing): ©i%Hh, e2e BEMM L FIa3h,

R Fe5 %

c R&: BARAXREFEMEEE:

« REHEANFF APIL: build_fsdp_meshes £ DeviceMesh._unflatten (T XI&BIZREIEANFF
API) , PyTorch [RAARTREEEELHITA, FBEREIDUE K%

« XEHEOKFE: ParallelState.meshes/get_mesh EEFFA FSDP SHBE A K, EAEHY
BB dp_mesh BMSERERREE|IHIAIN; A& PR XK T actor.py WAARS XN
BN, EEFEEEATTE .

- CP AEEX: REZBEAY context parallel_size > 1 5 hybrid EBER, EFA MR
B % cp size=1, FSDP + CP + hybrid ZZ#HX$EX (& ring_flash_attn 5§
_unflatten) RISIE,

« BIFBEZEHR D PR checklist 278 pre-commit. && pytest -x. train.py —help ¥K3iofT
: e2e RL & 100 rollout /MR, FEHITEZE., HI Qwen3.5-4B exploratory $i3E
¥ hybrid # train/rollout log-prob ZB&%=TF baseline, RO ER £ HSDP 3H(EEER
5] B A3 R 2= o

« W RRSEEEAE

- AFMl: FSDP AP ## —dp-replicate-size FF%X, BRIA 1 ATHER—%L20 Rk T2 —K
. FERE; KRG R ERIARELDFERE, ABET R/ BIVERIMAREMARE
B,



« Z%M: FSDP 3% mesh X MEBE— dp _mesh AH AL mesh EEE,
ParallelState kA mesh #FH O, B4 CP XFTHEER meshes F#, BTIHTE
B RNEHMMEY &,

- ABAMU: BT " HEMREE parity + 3% RL X + e2e CI' ZERIFSER, HTE LB
Cl &% (stage-c-4-gpu-h200 / stage-c-8-gpu-h100) : worker B9 =Fhlr S & N E1EA
H AT R BN BEAR

« RFEARIT: REEAFF API _unflatten, CP A&k EZE , REMNREMHRLEEIT , TR
SEOEEFTA FSDP BEAFK

RERIREE

« PR #2045 codeowners: cover miles/backends/experimental/fsdp_utils: E—HB3x
miles/backends/experimental/fsdp_utils 8§ CODEOWNERS &%, X PR &kshTiZBExXT
parallel.py. arguments.py. actor.py, FrABMNABEF/E4: FSDP L E B review o
I,



