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With a single sender, broadcast bandwidth is capped by
the one NIC reachable from the source GPU (~25 GB/s on
a GH200 node with 4 NICs and ~100 GB/s bisection), &
SPATHIE R 42, PR R EILT &4
BR R B4E rank 0 B9 NVLink XEFR1ER P4, £ NCCL's
broadcast tree fan-out points it can reach over NVLink
and push on from over their own NICs, PR body 3RERFaHE
FRE At S B9 actor: they would have to pull a full copy
over the fabric to contribute nothing, FFiBR #7263 E[E—
RS AR, #7107 274K PR BRI BEIR %,

SRR

1. TTEIBEW T & verl/checkpoint_engine/nccl_checkpoint_engine.py &
MasterMetadata F13g A 3EFE multi_sender; #3% WorkerMetadata(node_id, master)
$¥3E3E, prepare() BIREZER B MasterMetadata 289 WorkerMetadata, FHEEE#SE
3% get_node_id() 3 ray.get_runtime_context().get_node_id() L3R Ray & id (X
rank 0 3E% master FE) . BT build_topology & driver Il classmethod, T3iB4TE




1) worker BOIREME, MIUKTEX 0 1R B9 T HIRMIRFNRE,

2. FrFMRZE: build_topology() ## master.multi_sender 2J&%| _single_sender_ranks() (&
BLEW (0] + [-1] * (n- 1) 4T8) = _multi_sender_ranks() (rank 0 fn[E % &FFHE actor
, HAR -1, AN rank FELE%RE) ., BEITE num_senders 5 world_size =
num_senders + rollout_world_size, %3%#& H#EMK rank, 48 num_senders K& kwargs
TAE|EA worker; ¥ rank 0 FTET &RA HM actor BRI AR L EE,

3. T BAMS P49 % init_process_group() 3% num_senders &%k, rank <
num_senders A&k / B4, rank >= num_senders R BE A EEE — A RE—
JRSEFTA rank > 0 B4 worker #ITH zmq bucket TT#dE topic, MAEREIEREETE F 1T,
BroadcastOperation._run() Z3E root 3% metadata['length"] #FHE bucket, &K
#7107 89 bucket RY 15, F4%EKIZ relay_weights() 5 root £E—%%kZHE (WF
4 &) , & bucket £#2 NCCL broadcast EEF 1%,

4, DRAF—FMESHPIANE: PRIRE DRI FRAAMMEZTMIEM wire R— £ &
N weight X& & actor ANME SIS, £ wire LFAESS rank 0 89 gathers 23,
At verl/checkpoint_engine/base.py B split_weight_chunks() #3& meta_only: bool =
False 2%k, ERAR—QREE” B F AL buffer (MATIE SZILEY
get_weight_chunks_size #MIFR) . R root BISERHK AR RAE X B R EEFIFR
A fill § send E& (ANAT—A #BAISAF) . multi_sender T bucket EHBISF, #
1% root 5FKE IEHS actor A LWESBEIRNF—3K, LR,

5. BEEERS MR : verl/checkpoint_engine/delta_checkpoint_engine.py B prepare() i&
BLHT B WorkerMetadata REIZER, 3384 multi_sender=False GZ31%¥ R A rank 0 I~
1. LH4%ER{R) ; tests/checkpoint_engine/test_correctness_on_gpu.py A
test_nccl_checkpoint_engine 340 multi_sender=[False, True] %ft, BEZH Y SIEH
M (& rebuild_group FAHEE)

R

« verl/checkpoint_engine/nccl_checkpoint_engine.py (#3k 1% &5 5|%; 25 source; %
A core-logic; 5 WorkerMetadata, prepare, get_node_id, _single_sender_ranks) :
A PR 9IS A #713#E WorkerMetadata TTE BN, multi_sender 3RFh k.
P%EE12 5 num_senders Qo HB 5, 2INE R D INEE T PN EERE b T% 3,

- verl/checkpoint_engine/base.py (3 #8& & 35|%; %5 source; FEH core-logic; &
split_weight_chunks) : split_weight_chunks #73¢ meta_only 5%k, 2+ %5 root £%
ARAF. BRT FBARAEEN key BE &, HE review THIOHE &,

« verl/checkpoint_engine/delta_checkpoint_engine.py ({1 &% &5 5|%; 25| source;
KR core-logic; 5 prepare) : prepare() FEEBH A WorkerMetadata 3R EX,
F#5&%| multi_sender=False fRIFELZEEIBEX, TNEIR delta_sharded /373 TME
2,

. tests/checkpoint_engine/test_correctness_on_gpu.py (#3k GPU Mix; 25| test; £K&
test-coverage) : A test_nccl_checkpoint_engine &40 multi_sender=[False, True] &

B, RN T OORE S, ZrE—8 8 s RIE,

XEFE: NCCLCheckpointEngine.prepare, get_node_id, _single_sender_ranks,
_multi_sender_ranks, build_topology, init_process_group, _relay_weights,



BroadcastOperation._run, split_weight_chunks, DeltaShardedCheckpointEngine.prepare

KR Fr B]

verl/checkpoint_engine/nccl_checkpoint_engine.py

A PR BURZSZEL X #13E WorkerMetadata o3 3EMIN. multi_sender 3R, FEKER
25 num_senders 2 HEE, 2INE R NEE 5 PR AR %,

# verl/checkpoint_engine/nccl_checkpoint_engine.py

# multi_sender #AINRERE THIE EIRAZLEZE

@staticmethod

def get_node_id() -> str:
# F Ray 7 & id 32 NVLink #3AM: RF¥H & GPU %4 NVLink &3,
# B— NP AELRKBEREZ /S NVLink 3, BT ALRRS0EPH, F25%,
return ray.get_runtime_context().get_node_id()

def prepare(self) -> WorkerMetadata:
# master A cupy &%, ##E "PYTORCH_CUDA_ALLOC_CONF=expandable_segments:True”
# THERIMEIR; HA worker £ torch CUDA £,
if self.is_master:
self.send_buf = cp.zeros(self.bucket_size, dtype=cp.uint8)
self.recv_buf = cp.zeros(self.bucket_size, dtype=cp.uint8)
else:
self.send_buf = torch.zeros(self.bucket_size, dtype=torch.uint8, device="cuda")
self.recv_buf = torch.zeros(self.bucket_size, dtype=torch.uint8, device="cuda")

# KA rank 0 35 master 3 &; B4 worker & LR node_id,

# i driver Ml build_topology MUK EHRE (driver LB 4T7E M worker L&) .

master = (
MasterMetadata(zmgq_ip=self.ip, zmqg_port=self.listen_port, multi_sender=self.multi_sender)
if self.is_master
else None

)

return WorkerMetadata(node_id=self.get_node_id(), master=master)

@staticmethod
def _multi_sender_ranks(actor_wg_world_size: int, metadata: list[WorkerMetadata]) -> list[int]:
# rank 0 5ER T & actor —MAT $BA: XFFEZ NVLink KT bucket J&,
# BEEMNECH NIC BXH &, F8X) BRI Z KM,
source_node = metadata[0].node_id
# NCCL 2B rank @bES:, Fr AR INT A EFEELRS
ranks, next_rank =[], 0
for i in range(actor_wg_world_size):
if i == 0 or metadatali].node_id == source_node:
ranks.append(next_rank)
next_rank += 1
else:

# HEHAH actor EEM fabric TWBEHHKIBEBANFRLIC, BEEHR (rank -1) ,



ranks.append(-1)
return ranks

@classmethod
def build_topology(cls, actor_wg_world_size: int, rollout_world_size: int, metadata:
list[WorkerMetadatal):

master = metadata[0].master

assert master is not None, "actor rank 0 must be the checkpoint engine master"

if master.multi_sender:

actor_ranks = cls._multi_sender_ranks(actor_wg_world_size, metadata)
else:

actor_ranks = cls._single_sender_ranks(actor_wg_world_size)

# rank 0 FREF S EHT actor B, multi_sender BB HHE K% E

num_senders = sum(rank >= 0 for rank in actor_ranks)

world_size = num_senders + rollout_world_size

logger.info(
f"build_topology: {num_senders} of {actor_wg_world_size} actor workers send, world_size
{world_size}"

# &%/ PSR EREM rank, JEFEAM num_senders FFHE%R T ;
# num_senders B kwargs T % Z|&/™ worker, init_process_group #E 44,
actor_wg_kwargs = {
"rank": actor_ranks,
"world_size": [world_size] * actor_wg_world_size,
"master_metadata": [master] * actor_wg_world_size,
"num_senders": [num_senders] * actor_wg_world_size,
}
rollout_kwargs = {
"rank": list(range(num_senders, world_size)),
"world_size": [world_size] * rollout_world_size,
"master_metadata": [master] * rollout_world_size,
"num_senders": [num_senders] * rollout_world_size,

}

return actor_wg_kwargs, rollout_kwargs

verl/checkpoint_engine/base.py

split_weight_chunks #3% meta_only 2%k, ZHFH%#5 root £EZHHRU A, #BR FERKAIERL
B key B8 &, 12 review LM% &S,

# verl/checkpoint_engine/base.py
# meta_only #=RX: F4%5 root AAAR—ENRZEEFUE,
# TR X 4L NCCL K AR (review F wuxibin89 35 HEIRNKE) .

async def split_weight_chunks(
weights: Generator[tuple[str, torch.Tensor], None, None],
bucket_size: int,



meta_only: bool = False,
) -> AsyncGenerator[tuple[TensorMeta, torch.Tensor | None], None]:
"""Split the weight into chunks.

Args:
weights: The weights generator.
bucket_size: Max bucket size in bytes.

meta_only: R= M B TEIE. RE® buffer, it relay E AR —2RiZ1E,

Yields:
A tuple of the weight chunk metadata and the buffer.

async for name, weight in ensure_async_iterator(weights):
buffer = weight.view(-1).view(torch.uint8)
chunk_offset = 0
while chunk_offset < weight.nbytes:
chunk_size = min(bucket_size, weight.nbytes - chunk_offset)
tensor_meta = TensorMeta(
name=name,
shape=weight.shape,
dtype=weight.dtype,
chunk_offset=chunk_offset,
chunk_size=chunk_size,
offset=None,

)

# D RAMAEAMME S TMIEMN wire LB FAEEND weight KE 2

# actor ANESHE(S, £X& wire LFAESS5 rank 0 B9 gathers 348,

yield (tensor_meta, None if meta_only else buffer[chunk_offset : chunk_offset + chunk_
size])

chunk_offset += chunk_size

Fib A
FEAZOITIBYI R B reviewer wuxibin89, A BEAER:

« f£ verl/checkpoint_engine/base.py E5HXFTIEH) get_weight_chunks_size #£H: Can
we reuse split_weight_chunks? If divergence happened, the broadcast may hang
forever. E& parinayc20 X} E £ : Yes, makes sense. I added a meta_only
parameter to the split_weight_chunks function rather. 4L meta_only S3EA IR L
helper, fRIEF 5 root £EE—FEHNRTIE,

« J£ nccl_checkpoint_engine.py % 130 1TM{#4®i": Should we enable multi_sender by
default? B MERIEEBRIAMEIR A True, 183 docstring 5§ PR #3R1HE " BRiIAXF ",
R XS MR —. HR review JRSA APPROVED, Toift 8 RAERLKAR,

« £ A split_weight_chunks #2493 FA9 X S B #FH#EE (correctness): parinayc20 %
N EE . "Yes, makes sense. I added a meta_only parameter to the
split_weight_chunks function rather." &AL meta_only 3B helper, {RIETF
%5 root RER—LREHE,



« multi_sender EEERIAFRE (design): BB -MNEXEBRINMEIRA True, 1B docstring 5
PR #RNE BRIAKXHE], BEXHRSERMA—EK, BTFEYE R,

R 5 B
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1. 5 BENKE: FH%5 root £F split_weight_chunks(meta_only=True) B203kiZ 18
, BERRZRBWEKTM meta_only BRERIZBAFEAX, | BEKRAER (
reviewer BRI S HEXEE) ; HAMNFLE) NCCL broadcast 5§ actor BHIREZ 4 &4
RERARIFERINE, root FFRMERNAEXRE, EAERBAH, YA
HESRRIEGEANAR XSS, EHDH TS X e E IR,

2. BRIMTATE . BAMRE T multi_sender: bool = True BRIAF R, i1 PR body & "Off
by default; existing behavior is unchanged", 2§ docstring L5 "Defaults to False",
XA NCCL EimAP RBRITAZTE: RT A actor KM #EAFH >~ £ FS NCCL
nE (RELRELERMERR)

3. ZH AT BRMZR: BH A trainer REZEFFHE T R SE gather F#k CXI fabric (4
25 GB/s) , multi-sender RXART EAK, 8 trainer (2 71 8) BETRERE 2.25
f&, BRA rank 0 FrE T A TTEk P4k,

4. 35N MasterMetadata FT3EAEFEE multi_sender, #MEREIEEMIEIZ dataclass B9
R SHHEIR; prepare() REIZRR TR TR %7K NCCLCheckpointEngine B45| %

(delta B3&EEE) ; build_topology B Z R assert master is not None, 3E rank 0 1k
A master BIRASEEXK,

5. MREETRE: test_correctness_on_gpu.py {RE & GPU EFMNR, REEZZ Y
B relay 2. P45 root MRS XAFERYA., YUK rebuild_group 5
multi_sender EELZZHIMETHNRE, - FW: MERH: RERFTEZENIIEIH
5 AB&2, Y AEE THNKRMKY 2.8-2.9 2 (Qwen3.5-27B A 5.03 s 3| 1.79 s)

. MW RINSKBELEIA 2.25 £%; rollout MIAERY & (4 B| 12 rollout worker) FoERSH
BA. AP FrAMER backend="nccl" BEA AP BRIMTALZETI FBERY A
mgkS 5 #) |, FHIE multi_sender BEEM, RER"M: checkpoint 5|8y oEkIEN
WFHE (prepare() RE WorkerMetadata) , zmqg iTEXABE (RAMBEAITH
bucket JTo#k3E) , T & world_size M rollout_world_size + 1 X num_senders +
rollout_world_size, EIPA®"H: checkpoint_engine FA A EZHIFREIRIMIZRRZR
, 5 #7263 RS H EHRRBEMTL, RERTHEZWK. - RERIRE: BRIMTAE
B, PS5 RENR , XHELAL—K, ZFTRMNRAEELE

R EXRK L

« PR #7107 [ckpt]: nccl broadcast bucket size fix: Bl E/&K#i: 4~ PR 8§
BroadcastOperation 3% metadata['length"] #8] bucket. T L% root LFrKE) 1%, ¥
RE #7107 B9 bucket R<18%£.; PR body PAHULER "This PR is rebased on / assumes
#7107",

« PR #7263 nccl_parallel (%A E, trBUREREMEF) : PR body f8FH #7263 33T S
NMESL NCCL A4 % bucket 5 stripe fRE—& (#7167) , 5K PR WBEAZ 4.



EREPRTAERAE, FERARRHAFRESE Z alternatives,



