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[Perf] SMA0 cutlass fp8 mm supports odd M by swap_ab, 180~290% kernel performance
improvement
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PATHRE

« —A]3E: SMI0 FP8 GEMM Z#HF&HH M, MHEERA 180~290%

« ENME: BB IR, & PR BRT WTEIT kernel ARSI (swap_ab) kLt
cutlass X M #E X FIRE, 2—FEANMEREMITETT, RSREEE (B
padding hack) WAEMSEL, ZINETE C++ kernel PRERSH A B HREST N,

THEES BAL

ZHIRA (#43706) 33X Python B padding X3F&%k M, S| AF/ME N foit E A5, &~
PR f kernel B EEME A swap_ab X A fo B (9, £ cutlass REZHFFHE M, A
B padding, BZEIRAMERE, PR body F4H T benchmark 3, hniE bk
1.87x-2.88x,

LI AE

1. C++ kernel #MR¥ B & csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_
mm_blockwise_sm90_fp8_dispatch.cuh &, A cutlass_3x_gemm_fp8_blockwise ZE#
RFTHE swap_ab_ EiREE (BRIA false) o 1RIE swap_ab 4% A/B AR, 55, %
FRECE ST, £ kernel REAKRZ EEMNTHREFHN GEMM, MifnEFEIETE M,

2. Python BJ&#¥: 7 vlim/model_executor/kernels/linear/scaled_mm/cutlass.py #:

« R direct_register_custom_op § Af" _padded_cutlass. _padded_cutlass_fake.
_dynamic_padded_cutlass % padding %HBh & %K,

« CutlassFp8BlockScaledMMKernel. _init__ # [ weight_group_shape #a is_hopper &
M apply_block_scaled_mm A& Rt A E#IRAA ops.cutlass_scaled_mm, REK
# dynamic_padded_cutlass B Z.X ops

- 2B R cutlass_scaled_mm RAEFEML, RBES padding 4%,

3. MERXIAEE . 7 tests/kernels/quantization/test_cutlass_scaled_mm.py &, MR if m %
4 1= 0 and current_platform.has_device_capability(100): return X—i2 IR B&H, &
& SM100 L&k M A EF MK (S2Fr LA kernel REA SMA0, (EMRAERMABAT)

o

R



« vllm/model_executor/kernels/linear/scaled_mm/cutlass.py (13t &1t Kernel; 25|
source; E® data-contract; F5 _padded_cutlass, _padded_cutlass_fake,
_dynamic_padded_cutlass, run_padded) : #& Python B, #F padding ZEAshS
op JEMt, &1t apply_block_scaled_mm

» csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_blockwise_sm90_fp8 d
ispatch.cuh (#3k CUDA Kernel; 27| other; & core-logic; &5
EpilogueScheduler) : C++ kernel #AR37%I0 swap_ab &%k, SZIAZA swap ZHE

. tests/kernels/quantization/test_cutlass_scaled_mm.py ({3 MREMH; K7 test; XA
test-coverage) : MR, BRI SM100 FEH M BBk &1

KBS apply_block_scaled_mm, cutlass_3x_gemm_fp8 blockwise, cutlass_scaled_mm

RERED F B

vlim/model_executor/kernels/linear/scaled_mm/cutlass.py

¥ Python B, #F padding Z#Ef5h4s op JEM, &1L apply _block scaled_mm

class CutlassFp8BlockScaledMMKernel(Fp8BlockScaledMMLinearKernel):
# Z3FEEM kernel, KT padding Z1&
def __init__(self, config: FP8ScaledMMLinearLayerConfig) -> None:
super().__init__(config)
act_scale_descriptor = config.activation_qguant_key.scale
self.quant_fp8 = QuantFP8&(
static=act_scale_descriptor.static,
group_shape=act_scale_descriptor.group_shape,
num_token_padding=self.get_output_padding(),
use_ue8mO=False,
column_major_scales=True,
)
#E&E: BRT self.is_hopper fo self.weight_group_shape,
# FHAIME kernel BEEEEN swap_ab B EFH M,
# FBEE Python B4 %A padding 158

def apply_block_scaled_mm(
self,
A: torch.Tensor,
B: torch.Tensor,
As: torch.Tensor,
Bs: torch.Tensor,
) -> torch.Tensor:
out_dtype = self.config.out_dtype
# EERARE cutlass_scaled_mm, F~FX% is_hopper,
# JKEB C++ kernel £R¥E GPU e h B shER 2 £ swap_ab
return ops.cutlass_scaled_mm(
A,
B.T,
out_dtype=out_dtype,
scale_a=As,



scale_b=Bs.T,
)

csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_blockwise_s
m90_fp8 dispatch.cuh

C++ kernel AR swap_ab £, LIS swap B8
/] &hn swap_ab_ RS, BHERTRM AB WAGE

template <class OutType, int ScaleGranularityM, int ScaleGranularityN, int ScaleGranularityK,
class MmaTileShape, class ClusterShape,
class EpilogueScheduler, class MainloopScheduler,
bool swap_ab_ = false> // 5L, BRIARZHR
struct cutlass_3x_gemm_fp8_blockwise {
static constexpr bool swap_ab = swap_ab_;

/] 183 swap_ab shASHEIREMER
using LayoutA = conditional_t<swap_ab,
typename cutlass::layout::LayoutTranspose<cutlass::layout::RowMajor>::type, // &
cutlass::layout::RowMajor>;
using LayoutB = conditional_t<swap_ab,
typename cutlass::layout::LayoutTranspose<cutlass::layout::ColumnMajor>::type,
cutlass::layout::ColumnMajor>;
/] EREE AN IAE GMMA::Major JILF
using ScaleConfig = conditional_t<swap_ab,
cutlass::detail::Sm90BlockwiseScaleConfig<
ScaleGranularityM, ScaleGranularityN, ScaleGranularityK,
cute::GMMA::Major::K, cute::GMMA::Major::MN>,
cutlass::detail::Sm90BlockwiseScaleConfig<
ScaleGranularityM, ScaleGranularityN, ScaleGranularityK,
cute::GMMA::Major::MN, cute::GMMA::Major::K>>;

/| AR EFEIFBARIE swap_ab 1E A R B9 ES 5K
using CollectiveMainloop = conditional_t<swap_ab,
typename cutlass::gemm::collective::CollectiveBuilder<

ArchTag, OperatorClass,
ElementB, cute::tuple<LayoutB, LayoutSFA>, AlignmentB, // Xt A/B
ElementA, cute::tuple<LayoutA, LayoutSFB>, AlignmentA,
ElementAccumulator, MmaTileShape, ClusterShape,
StageCountAutoCarveout<...>, MainloopScheduler>::CollectiveOp,

.. // 3E swap RHRFRA)IRF

>;
b
i A4

{XE mgoin BI—FKF#MIFL: 'Thank god we finally can get rid of this hack, great
work!!" REARBNFER padding hack BIIAT ., THEAMFEARITE,

« % padding hack BJIAT (other): PR #&#lbE, TEMBK



PRS-

o

1. BMERE: swap_ab FERTHREZELER, (EFEGEENREMNNT TEEEARR, FRIEE
E#EER (MR rtol=0.5, atol=0.15 BEEX) .

2. B RAM: AT SMA0 (Hopper) 43Rk, Hfith GPU BRI RIEKREZ, E
Python BMIFR T &M%, "HEFEIE SMI0 GPU HEHEEIZE? SIFhrt
apply_block_scaled_mm Z RIZ#T self.is_hopper 2%, MEERT o X, WA
GPU #EHERAA ops.cutlass_scaled_mm, 1B ops.cutlass_scaled_mm J&EXTFIE
SMA0 TTEER X #F swap_ab? XEB#HIA, FRBERBEE SMI0 LEE
ops.cutlass_scaled_mm B padding #8412, BAEEEET padding, 18
ops.cutlass_scaled_mm A& T RERE K padding, FTUANIZR A, REMEEREER
Rk, BEEEH#H BRI,

3. @VARFE: MRT KE padding #18, TTREERE LA FIER. MRAF BEZEE I
M/N/K B4, {BAREDGEMBENIZIRE fuzz MR, - Fm: AF3: #/A SMJI0 GPU

(#m H100) BRA T CUTLASS_FP8_BLOCK_SCALED M#R, B M AT F
1.87~2.88 & (RABURAT M ETAFTE) . A% BD T Python BB padding fo
B8, BT GPU AGE® TR M. HfRm: REBERVA 118 17, BRT —1E
EX op JEM, LT %P, REM: T API TE, (XAIFEZMMIL. - NFEFRIT:
R kernel TR | BFFEMA , FBEFRIE

RERIREE

« PR #43706 [Perf] Odd M support via padded cutlass: 4~ PR & #43706 8y kernel %5
S2H, R T Z A8 Python padding 7 %,



