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[Perf] Padded nvfp4 quant kernel to remove additional copy, 2.4%~5.7% e2e performance
improvement
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« —4)iE: padded nvfp4 Efb kernel JERBUIM copy

- EMNE: BEERFIR, % PR B T (TR E 5 4038 5 BER & 5| CUDA kernel H3RERIT
RAFIFE, ZHRBAMERALES. FTAEEMIEE,. CUDA kernel b3k
CUTLASS &R I/FNAREBRARTINSEME, BVCOTHRITRE: ARESK
padding WEBXE| kernel, W RA{T{REm G %%,

TN EES BAL

NVFP4 BfLE M EEXFTE| CUTLASS R A/NDN, BRAWHUEEZEEEN kernel Z 5 H
PAT—K padding E#l, XmRT HIMYEETHE. BLE padding &FHBIE kernel AER
. ALURD—RERAGEIGE, RBABMMEERE, SMIEARDIREESH,

LI AE

1. & vllm/_custom_ops.py F, 18K create_fp4 output_tensors o scaled_fp4 _quant &
¥, FIEEEH padded_n 53k, LBiZft padded n B, KHBELHY output Fo scale buffer
R XR padded_n (B KB K 48) , AiF CUDA kernel E#5 A padded X3%,

2. 1&2% CUDA kernel XfF csrc/libtorch_stable/quantization/fp4/nvfp4_quant_kernels.cu
H 8 cvt_fpl16_to fp4 An cvt_fpl16_to fp4 sf_major. 31 outputCols Fo
num_padded_cols %k, RAELEMEITE, XY valid_output B4 5 NA KEIE,
padding FKBfR¥IFHAE,

3. BEFAME kernel 89 apply_weights ZJ%: £ vllm/model_executor/kernels/linear/nvfp
4/cutlass.py #u flashinfer.py &, #RBAH pad_nvfp4_activation_for_cutlass B9 E,
KA padded_n S5 scaled_fp4_quant, BHEAL kernel EIEZK padding. [ AT
BBRABEEN pad_nvfp4_activation_for_cutlass § Ao

4. MR tests/kernels/quantization/test_nvfp4_quant.py &, #3g
test_quantize_to_fp4_with_padded_output MR A, BZEZF shape %1 layout, FiF
padding XiHAEBBHKIES reference —3, EITIEERT round_up TER¥K,

5. (Fthn) MR T LB benchmark BIA benchmarks/kernels/benchmark_nvfp4_padded
_quant.py, B%EE (N LopezCastroRoberto #&EN) ,

REEX M



Y =]

viim/_custom_ops.py (#E3k 2D ; 5| source; EH core-logic; F5
create_fp4_output_tensors, scaled_fp4_quant) : o ANB, #F3E padded_n 334 E
fLid buffer K/, JHBRELL padding &%l
tests/kernels/quantization/test_nvfp4_quant.py (#E3k EMER; HKF test; HR
test-coverage; {45 round_up, test_quantize_to_fp4 with_padded_output) : #ig
paded HHMRAB], BZE LM shape fa layout, BIE padding AE R A BAEIEH
vlim/model_executor/kernels/linear/nvfp4/cutlass.py (#3k &MHE; 2£58| source; LA
data-contract) : CUTLASS &£ E kernel £/ padded_n B4R padding AR, #Kk
TTREA

vlilm/model_executor/kernels/linear/nvfp4/flashinfer.py (#3k &2 25| source; 3£
# data-contract) : Flashinfer &4 E kernel 8 padded_n &R 4ME padding A,
BRIUREA

csrc/libtorch_stable/quantization/fp4/nvfp4_quant_kernels.cu (13t CUDA W#%; 25|

other; 2# core-logic) : CUDA kernel 2%, 3| A outputCols X% / B EE, £
kernel X FH#5 A padded buffer

X5 create_fp4_output_tensors, scaled_fp4_quant, cvt_fp16_to _fp4,
cvt_fp16_to_fp4d_sf_major, FlashInferCutlassNvFp4LinearKernel.apply_weights,
FlashInferTrtlimNvFp4LinearKernel.apply_weights,
CutlassNvFp4LinearKernel.apply_weights

KELRAD B

vlim/_custom_ops.py
B ANE, ¥ padded_n SE8HEFHIEMIME buffer X/, EMRELE padding £l

# vlim/_custom_ops.py — X8 H &
# f82& create_fp4_output_tensors KX FF padded_n 3k

def create_fp4_output_tensors(

m: int,

n: int,

device: torch.device,

is_sf swizzled_layout: bool,

padded_n: int | None = None, # <-- #73%: "% Bir K £ (& padding)
) -> tuple[torch.Tensor, torch.Tensor]:

nnn

When "~ “padded_n"" is provided, allocate a larger packed-FP4 output/scale

buffer so the quantization kernel can write CUTLASS-compatible K padding directly
# LA EAER padded_n (E#EfM) TNAREH n

physical_n = padded_n if padded_n is not None else n

output = torch.empty((m, physical_n // 2), device=device, dtype=torch.uint8)
output_scale = create_fp4_scale_tensor(m, physical_n, device, is_sf_swizzled_layout)
return output, output_scale



# scaled_fp4_quant RAEFIE padded_n 23k

def scaled_fp4_quant(
input: torch.Tensor,
input_global_scale: torch.Tensor,
is_sf swizzled_layout: bool = True,
backend: str = "none",
padded_n: int | None = None, # <-— #73¥
) -> tuple[torch.Tensor, torch.Tensor]:
if padded_n is not None:
assert padded_n >=n
assert padded_n % block_size ==
# 3T 8x4 SF layout F%3F padded_n, #%% (TBD B4y &)
if use_8x4_sf _layout and padded_n is not None and padded_n != n:
raise ValueError("padded_n is not supported with TRTLLM 8x4 scale layout.")
if use_8x4_sf _layout:
# ... f£H flashinfer B2, A X #F padding
pass
else:
# M BERS padding 8 buffer, JAA .out 4K
output, output_scale = create_fp4_output_tensors(
m, n, input.device, is_sf_swizzled_layout, padded_n=padded_n,
)
torch.ops._C.scaled_fp4_guant.out(
input, input_global_scale, is_sf_swizzled_layout,
output=output, output_scale=output_scale

)

tests/kernels/quantization/test_nvfp4_quant.py
I paded BHMIRAB, BE LM shape f0 layout, FIE padding AE R A KA IEH

# tests/kernels/quantization/test_nvfp4_quant.py — 38R 4 E&

# 2/ round_up FBHRER (32BN ISR FK)
def round_up(x: int, y: int) -> int:
return (x +y-1)//y*y

# PADDED_OUTPUT_SHAPES 3| &k B&3JEXFT shape (4 (64, 7152))
PADDED_OUTPUT_SHAPES = [(128, 48), (128, 80), (150, 48), (150, 80), (64, 7152)]

@pytest.mark.parametrize("shape", PADDED_OUTPUT_SHAPES)
@pytest.mark.parametrize("is_sf_swizzled_layout", [True, False])
@torch.inference_model()
def test_quantize_to_fp4_ with_padded_output(

shape: tuplelint, int],

is_sf _swizzled_layout: bool,



) -> None:
from vlim._custom_ops import create_fp4_output_tensors

dtype = torch.float16
set_random_seed(42)
torch.set_default_device("cuda:0")

m, n = shape

# 3% n [ EERER| 32 B9 EMEA padded_n
padded_n = round_up(n, 32)

assert padded_n > n

x = torch.randn((m, n), dtype=dtype)
tensor_amax = torch.abs(x).max().to(torch.float32)
global_scale = FLOAT8_E4M3_MAX * FLOAT4_E2M1_MAX / tensor_amax

# itESEHY (L padding)

out_ref, scale_ref = ref_nvfp4_quant(x, global_scale)

# 1# /8 padded_n A ops.scaled_fp4_quant
out, out_scale = ops.scaled_fp4_quant(
X,
global_scale,
is_sf_swizzled_layout=is_sf_swizzled_layout,
padded_n=padded_n,
)
# B&IF output shape A (m, padded_n // 2)
assert out.shape == (m, padded_n // 2)
# I3 padding X3, (E¥E & packed &) @A
assert torch.count_nonzero(out[:, n// 2 :]) == 0

# MENE RIS FHE reference Xtk
out_ans = cast_from_fp4(out[:, : n // 2], m, n)
torch.testing.assert_close(out_ans, out_ref)

# IIF scale BB XKERS

if is_sf _swizzled_layout:
scale_ans = recover_swizzled_scales(out_scale, m, padded_n)
torch.testing.assert_close(scale_ans[:, : n // BLOCK_SIZE], scale_ref)
assert torch.count_nonzero(scale_ans[:, n // BLOCK_SIZE :]) ==

else:
scale_ans = out_scale.to(torch.float32)
torch.testing.assert_close(scale_ans[:, : n // BLOCK_SIZE], scale_ref)
assert torch.count_nonzero(scale_ans[:, n // BLOCK_SIZE :]) ==

i B
HEPEEZFESMEREE AR A E, LopezCastroRoberto ik e2e A RTEBEE, 1F

FZHRM benchmark IFEEHIAR I+ approve, X T sf_major kernel PEEHRE,
gemini-code-assist ZIXE &% valid A valid_input L5 swizzled kernel £xF—3%, BEXE



AR PR #XH, BIH 8x4 SF layout FARX#F padded_n, #EEZM TODO Bk, B
benchmark A ERKER, & BHIT.

. e2e MEEIRFAFE (performance): LCR FIAIEFA BRIt approve

« YB3 benchmark BIASEM (other): B KRIEIL benchmark B4

« sf_major kernel ZE &% —3KME (style): KK, PR & ABHMMER R 4%

« 8x4 SF layout % ¥ padded_n (design): FimY TODO %%, itXI&xkRky B XF

PNSESE-A

« RFE: FENXFEEIE: (1) CUDA kernel 2R T8ES | AFRE S EME &L, B B3R #73E
padding MiAE £ L AHIEXNFTHIK; (2) TRTLLM 8x4 SF layout 5 padded_n H%,
scaled_fp4_quant F Bk =40 TODO #£8:; (3) kK
pad_nvfp4_activation_for_cutlass &, &FHEEEEXEHAZE weights_padding_cols
, padded_n IHETTRERH, 1EERIA padded_n=None AIFMEHRE; (4) MR,
benchmark BIIEIE A Uk 25

W BHEYTWER NVFP4 E1 (modelopt_fp4) B sm_100+ Nvidia GPU _EimfTHy
MR IEMAE, 4552 XA CUTLASS/Flashinfer E3iI&ME ., I EHIRA
2.4%~5.7%, kernel &igH 15%~40%, Xt TRTLLM 8x4 layout FAF L&MW (ki
ValueError) . XAERA NVFP4 BIER TR, BREFEEMER, RPLAESE. |
IREAEIR,

« RFEARIT: CUDA kernel &2k , EMEERFE , &M : TRTLLM 8x4 layout RX#
padded_n
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