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reduce-scatter Z#F, HRIXEZI all-gather F&

iﬂﬁﬁ
. ¥ vlim/utils/flashinfer.py ®stn flashinfer_scaled_fp4 mm_out &%k, HET

FlashInfer mm_fp4_ 8938F, X¥F pre-allocated output buffer,

2. ¥ collective_fusion.py H#i0 NVFP4 £ HEY MM 3EELEE flashinfer_fp4_mm_out, X
% fused all-gather + GEMM #A4ERI E 252 EA0 fake 2, HIFHMAFTRRKEL
all-gather,

3. X FlashlnferAllGatherFP4Pattern 28, 33 pattern 7 replacement &S QKV/MLP
) all-gather + MM + FP4 E1b2R4, SEME| FusionPass,

4. £ sequence_parallelism.py b0 FirstAllReduceRMSNormStaticNVFP4Pattern #a
MiddleAllReduceRMSNormStaticNVFP4Pattern, %*3F NVFP4 E4L7E SP Y
AllReduce—RMSNorm—Quant =R EL &

5. A =AM :
. test_tp2_async_tp_nvfp4_fusions: FIERE-EITEK
. test_async_tp_pass_nvfp4_correctness: IEFMEXTLL,
. test_tp_sp_nvfp4_generation: SP # R 4 BRIMR .
K

« vlilm/compilation/passes/fusion/collective_fusion.py (#3k #RiZEhS; 2KF| source; EH
core-logic; &5 _flashinfer_fp4_mm_out, fused_all_gather_flashinfer_fp4_matmul_fa
ke, fused_all_gather_flashinfer_fp4_matmul, fp4_shard_consumer) : #Z/O3 B XX,



#7138 NVFP4 all-gather + GEMM B-& 1 B & X3 EfE T M.

« vlim/compilation/passes/fusion/sequence_parallelism.py (#3k miFmte: 35| source
: BRI core-logic; &5 FirstAllReduceRMSNormStaticNVFP4Pattern,
MiddleAllReduceRMSNormStaticNVFP4Pattern) : i&in NVFP4 F5|H4THER, &
AllReduce—RMSNorm—Quant #¥# A ReduceScatter—=RMSNorm—Quant—AllGather,

« vlim/utils/flashinfer.py ({3 FlashInfer TE; 25| source; EA core-logic; &5
flashinfer_scaled_fp4_mm_out) : #3& flashinfer_scaled_fp4_mm_out &%k, 3
FlashInfer FP4 mm 8 out Z/4&EHA.
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. tests/compile/fusions_e2e/test_tp2_async_tp.py (B3 ERIMR; £KF| test; LR
test-coverage; 5 test _tp2_async_tp_nvfp4 fusions) : #Fig
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. tests/compile/correctness_e2e/test_sequence_parallel.py (#E3k EREMR; FKF test;
KA test-coverage; &5 test_tp_sp _nvfp4 generation) : #Fig
test_tp_sp_nvfp4_generation MIRAHI, & E Sequence Parallelism T8 NVFP4 4 FXo

« tests/compile/fullgraph/test_toy_llama.py (#3k #; 25| test; A test-coverage) :
LGSR, NVFP4 J53me BRI T A Z b,

XS  flashinfer_fp4_mm_out, fused_all_gather_flashinfer_fp4_matmul,
fused_all_gather_flashinfer_fp4_matmul_fake, FlashInferAllGatherFP4Pattern,
FirstAllIReduceRMSNormStaticNVFP4Pattern,
MiddleAllIReduceRMSNormStaticNVFP4Pattern, flashinfer_scaled_fp4_mm_out,
test_async_tp_pass_nvfp4_correctness, test tp2 async_tp_nvfp4 fusions,
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viim/compilation/passes/fusion/collective_fusion.py
BT E XM, #3E NVFP4 all-gather + GEMM Rb& 89 B & X 3EfE 51 A,

# vllm/compilation/passes/fusion/collective_fusion.py

def fused_all_gather_flashinfer_fp4_matmul(
A_shard: torch.Tensor,
B: torch.Tensor,
A_scale_shard: torch.Tensor,
B_scale: torch.Tensor,
alpha: torch.Tensor,
gather_dim: int,
group_name: str,
out_dtype: torch.dtype | None = None,
view_a_scale_as_fp8: bool = False,
use_8x4_sf_layout: bool = False,



backend: str = "cutlass”,
) -> torch.Tensor:
# R % # gather_dim=0 (%1THHE)
assert gather_dim == 0, "FP4 symm_mem adapter only supports gather_dim=0"
assert A_shard.ndim == 2 and A_scale_shard.ndim == 2 and B.ndim ==

# W% & scale EMFBEAN FP8 UE AED
if view_a_scale_as_fp8:
A_scale_shard = A_scale_shard.view(torch.float8_e4m3fn)

group = ¢10d._resolve_process_group(group_name)
world_size = group.size()

# MAE B IKE

output = A_shard.new_empty(
A_shard.shape[0] * world_size,
B.shapel[1],
dtype=out_dtype or torch.bfloat16,

)

output_shards = output.chunk(world_size)

# ABC all-gather BARZHF X (FEXRAA, T REW R L)
A = A_shard.new_empty(A_shard.shape[0] * world_size, A_shard.shape[1])
A_scale = A_scale_shard.new_empty(

A_scale_shard.shape[0] * world_size,

A_scale_shard.shape[1],

# MK all-gather: &4 rank $3E 33X 5 L BIHEH I GEMM
def fp4_shard_consumer(shards: list[torch.Tensor], rank: int) -> None:
_flashinfer_fp4_mm_out(

shards[0],

B,

scale_a=shards[1],

scale_b=B_scale,

alpha=alpha,

out=output_shards[rank],

out_dtype=out_dtype,

use_8x4 sf layout=use_8x4_sf layout,

backend=backend,

# Bid all-gather 53+E
torch.distributed._symmetric_memory._pipelined_multi_all_gather(
[A, A_scale],
[A_shard, A_scale_shard],
group_name,
stream_consumer=fp4_shard_consumer,



return output

vlim/compilation/passes/fusion/sequence_parallelism.py

in NVFP4 F3|3F TR, 1 AllReduce—RMSNorm—Quant iR
ReduceScatter=RMSNorm—Quant—AllGather,

# vllm/compilation/passes/fusion/sequence_parallelism.py

class FirstAllReduceRMSNormStaticNVFP4Pattern(_SequenceParallelPatternHelper):
def get_inputs(self) -> list[torch.Tensor]:
# Rl RAIRERRN TR EZER
input = self.empty([8, 16])
weight = self.empty([16])
input_global_scale = self.empty_f32([1, 1])
guant_output = torch.empty([8, 8], device=self.device, dtype=torch.uint8)
output_scale = torch.empty([128, 4], device=self.device, dtype=torch.int32)
return [input, weight, input_global_scale, quant_output, output_scale]

def register(self, pm_pass: PatternMatcherPass) -> None:
def pattern(
input, weight, input_global_scale, quant_output, output_scale
) -> tuplef[torch.Tensor, torch.Tensor, torch.Tensor]:
# JR44E : AllReduce -> RMSNorm -> NVFP4 Quant
all_reduce = self._all_reduce(input)
rms = vlim.ir.ops.rms_norm(all_reduce, weight, self.epsilon)
quant = auto_functionalized(
SCALED_FP4_QUANT_OUT_OVERLOAD,
input=rms,
input_scale=input_global_scale,
is_sf_swizzled_layout=True,
output=quant_output,
output_scale=output_scale,

)

return quant(1], all_reduce, quant[2]

def replacement(
input, weight, input_global_scale, quant_output, output_scale
) -> tuplef[torch.Tensor, torch.Tensor, torch.Tensor]:
# B : ReduceScatter -> RMSNorm -> NVFP4 Quant -> AllGather
reduce_scatter = self._reduce_scatter(input)
rms = vlim.ir.ops.rms_norm(reduce_scatter, weight, self.epsilon)
rms = torch.ops.aten.view.default(rms, [-1, rms.shape[-1]])
quant = SCALED_FP4_QUANT_DEFAULT_OVERLOAD(
rms, input_global_scale, True,
)
return (
self._all_gather(quant[0]),
reduce_scatter,
self._all_gather(quant[1]),



pm.register_replacement(
pattern, replacement, self.get_inputs(), pm.fwd_only, pm_pass

)

vlim/utils/flashinfer.py
3 flashinfer_scaled_fp4_mm_out &%k, #F% FlashInfer FP4 mm 8 out TR,

# vlim/utils/flashinfer.py

def flashinfer_scaled_fp4_mm_out(
a: torch.Tensor,
b: torch.Tensor,
block_scale_a: torch.Tensor,
block_scale_b: torch.Tensor,
alpha: torch.Tensor,
out: torch.Tensor,
out_dtype: torch.dtype | None,
use_8x4 _sf layout: bool,
backend: str,
) -> torch.Tensor:
# TR KELIEZE 2D, HH out ELWMAELT
assert a.ndim == 2 and b.ndim == 2 and out.ndim ==
assert block_scale_a.ndim == 2 and block_scale_b.ndim ==
assert a.shape[1] == b.shape[0]
assert out.shape == (a.shape[0], b.shape[1])

# 3t cutlass / cudnn &3, F& scale EMFREA uintd
if backend in ("cutlass", "cudnn"):
if block_scale_a.dtype != torch.uint8:
block_scale_a = block_scale_a.view(torch.uint8)
if block_scale_b.dtype != torch.uint8:

block_scale_b = block_scale_b.view(torch.uint8)

from flashinfer import mm_fp4 as flashinfer_mm_fp4_
# A A Flashinfer B4 FP4 matmul, 3B AFLELEH out
flashinfer_mm_fp4_(
a, b, block_scale_a, block_scale_b, alpha,
out_dtype or out.dtype,
out=out,
block_size=16,
use_8x4_sf_layout=use_8x4_sf layout,
backend=backend,
)

return out
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. {811t a_scale_view By double view B (style): ELTEEIRE (M
STATIC_FP4_QUANT_OP E+44) , {8 double view Z&EE2HMREHIA,
« NVFP4 reduce-scatter & EEAE (design): BIANRITER, BIEELL
« % NVFP4 iR A CI (testing): MR EHMm, EEEME Cl B E BSX MR,
- BRI SE (style): BLIERXFEKRA SCALED_FP4_QUANT_OUT_OVERLOAD,

RS 8o
o A

- EERE: NVFP4 XML torch.ops._C.scaled_fp4_quant FRERDEM, &
FlashInfer Ra AR &R XFFN BN, FBmIE FP8 B2,

- MERERFS: FREIZEARXER new_empty MIEIRAR, TTaEHREIME T8, HIS
AsyncTP Ukz (LEH/I batch &)

« AR 1R Blackwell (SM100) #a Flashinfer % #, HtF&LHmM,

< MIRAEZ: BRIUIER TP=2, &/ E KM TP A R 75K EH A BNR,.

« AF: R NVFP4 48 Llama EREAAERH SP + AsyncTP B3 4F 0.89%-13.54%
WEHEFA, LRGSR,

« A% FBH fused RIS MR FEE RN EETIE, (B{RE NVFP4 B2 T E£RK,

« HBN: PR T EERN reduce-scatter BAERYIIME, AHMEBAEREHRT SEHERX,

« RFEFRIT: 1X Blackwell X3 , 1&k&i Flashlnfer, SA#RAERMEA , Reduce-scatter K&k
&, 1X 2 GPU iR

KRR EE

« PR #41769 [Quantization] Add ModelOpt NVFP4 W4A16 (4-bit weights, fp16/bf16
activations) support: 2% 7T NVFP4 E/LER, A PR R AR 3 mEs&381E 2 #F,



