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HATHRE
« —m)iE: £ Cutlass FP8 MM ERT M, ZERFEMK 28.9%
- WESME: Z PRAESKEIEL, AHXT: 1) wf@dEZE CUTLASS BE 523 batch

invariance F{RFFIEFM; 2) FP8 &XMEE apply B X iR T EES B3R, *HE A
FP8 #tab3E 32 B IR B R,

ThRES EAL

W% FP8 B/t / REMFE, A batch invariant X THHEIEMEE, PR body BAFATE H
“Use cutlass fp8 to avoid quantize/dequantize overhead’,

SRR

1. #3E CUTLASS batch invariant 4% : FE csrc/libtorch_stable/quantization/w8a8/cutla
ss/c3x/ FH scaled_mm_sm{90,100,120}_fp8 dispatch.cuh %
scaled_mm_c2x_sm89_fp8&_dispatch.cuh F#rig
cutlass_gemm_*_batch_invariant_dispatch #m
cutlass_scaled_mm_*_batch_invariant_epilogue ¥k, X & %k4#E A EEH CUTLASS
BEE (M=64) , RMEESZFr M Tb, MffRiEf#E 5 batch size T*,

2. &2 Python E4LE: 7 vlim/model_executor/layers/quantization/fp8.py #a
online/fp8.py By apply AskxHiHing x——% VLLM_BATCH_INVARIANT BH A
self.fp8_linear & CutlassFP8ScaledMMLinearKernel S23|8¢, EE R A
self.fp8_linear.apply_weights(layer, x, bias), BXRAH BF16 REMAKRZR, B4
V=R

3. B¥ .cu XB4RE: & scaled_mm_sm{90,100,120} fp8.cu fa scaled_mm_c2x.cu £ &
NI RR#FE batch_invariant_epilogue &%k, FEHXT Python = W,

4. FrIEMR . A0 tests/vl/determinism/test_cutlass_batch_invariance.py, 1£ A
TestFP8Layer 3| CutlassFP8ScaledMMLinearKernel, ZSIEEARIE batch size fn
weight shape T, % token B ™5 batch size T* (assert_close &K rtol=0,
atol=0) ,

REEF:

. tests/v1/determinism/test_cutlass_batch_invariance.py (#£3k #tEMR; K5 test; £

M test-coverage; &5 setup_cuda, test_cutlass_fp8_batch_invariant_fixed_config) :



FOMR S, BIE Cutlass FP8 WAFEAR[E batch size A1 weight shape T8y
batchinvariance M, HfRIhBEIERA M,

« vlim/model_executor/layers/quantization/fp8.py (#&ik BEWLE; 2KF| source; EH
data-contract) : B EME XXM, BEKT apply AYAM X FF Cutlass FP8 batch
invariant 842, #EH T EA

« vlilm/model_executor/layers/quantization/online/fp8.py (1&3k E1Z; 25| source; %
A data-contract) : EZ FP8 EHLE, 5 fp8.py EMUSEK apply AEMU X FF Cutlass
FP8 batch invariant 42,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm90_fp8_ dispatch.cu
h (#3k CUTLASS W#%; 25| other; £ core-logic) : 3 SMI0 LAY batch
invariant dispatch fo epilogue &%k, = CUTLASS WA OGEE,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm100_fp8_dispatch.c
uh (B3R CUTLASS W#Z; 2£5| other; XA core-logic) : SM100 R4 batch invariant
dispatch, 5 SMA0 M, F3EITR & H,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm120_fp8_dispatch.c
uh (B3R CUTLASS W#Z; 2£5| other; A core-logic) : SM120 kA batch invariant
dispatch, T3 R &£,

« csrc/libtorch_stable/quantization/w8a8/cutlass/scaled_mm_c2x_sm89_fp8_dispatch.cu
h (&3 CUTLASS W#%; 25| other; & core-logic) : SM89 (Ada) MRAH] batch
invariant dispatch, REFFTA M —Bi4E,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm120_fp8.cu (Fik
CUTLASS #485E; 27| other; A dependency-wiring) : CUDA JRX 4, #48E SM120
B batch_invariant_epilogue %| Python, Z3%# C++ Ao Python 8<%,

« csrc/libtorch_stable/quantization/w8a8/cutlass/scaled_mm_c2x.cu (#k CUTLASS 4§
E: B other; EA dependency-wiring) : CUDA JRX 4, #48%E SM89 Y
batch_invariant_epilogue,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm100_fp8.cu (iR
CUTLASS #4845 ; 27| other; A dependency-wiring) : CUDA JRX 4, #48E SM100
8 batch_invariant_epilogue,

« csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_smd0_fp8&8.cu (H&Eik
CUTLASS #485E; 27 other; A dependency-wiring) : CUDA JEX {4, 48Z SMI0 By
batch_invariant_epilogue,

X5 Fp8LinearMethod.apply, _Fp80OnlineLinearBase.apply,
cutlass_gemm_sm90_fp8_batch_invariant_dispatch,
cutlass_scaled_mm_sm90_fp8_batch_invariant_epilogue,
test_cutlass_fp8_batch_invariant_fixed_config

REIRED R B

tests/v1/determinism/test_cutlass_batch_invariance.py



FrBMRA XX, IIE Cutlass FP8 WAZTEARE batch size #7 weight shape T8 batch
invariance MR, HatkIhaEIERA M,

# tests/v1/determinism/test_cutlass_batch_invariance.py

import pytest

import torch

import vllm.envs as envs

from tests.utils import TestFP8Layer, requires_fp8

from vlim.model_executor.kernels.linear.scaled_mm.cutlass import
CutlassFP8ScaledMMLinearKernel

from viim.model_executor.layers.quantization.utils.quant_utils import kFp8DynamicTokenSym,
kFp8StaticTensorSym

from vlim.platforms import current_platform

pytest.importorskip("torch.cuda")

@pytest.fixture(autouse=True)
def setup_cudal():
if not current_platform.is_cuda():
pytest.skip("CUTLASS FP8 kernels require CUDA.")
torch.set_default_device("cuda")

@requires_fp8
@pytest.mark.parametrize("weight_shape", [(1024, 2048), (4608, 4096)])
@pytest.mark.parametrize("batch_size", [1, 16, 17, 32, 64, 65, 256, 257])
@torch.inference_mode()
def test_cutlass_fp8_batch_invariant_fixed_config(

weight_shape: tuplelint, int],

batch_size: int,

default_vllm_config,

monkeypatch: pytest.MonkeyPatch,

# B A batch invariant (35X &
monkeypatch.setenv("VLLM_BATCH_INVARIANT", "1")
monkeypatch.setattr(envs, "VLLM_BATCH_INVARIANT", True)

torch.manual_seed(0)

# #3E FP8 B, #&#I{#EHA CutlassFP8ScaledMMLinearKernel

layer = TestFP8Layer(
weight_shape=weight_shape,
activation_quant_key=kFp8DynamicTokenSym,
weight_quant_key=kFp8StaticTensorSym,
input_dtype=torch.bfloat16,
out_dtype=torch.bfloat16,
device=torch.device("cuda"),
force_kernel=CutlassFP8ScaledMMLinearKernel,

)

assert isinstance(layer.kernel, CutlassFP8ScaledMMLinearKernel)



in_features = weight_shape([1]
# BIZE—" needle token, 1EAEIM batch invariant B9%E &
needle = torch.randn((1, in_features), device="cuda", dtype=torch.bfloat16)

baseline = layer(needle)[0] # AN token 894 H1E R &

# BIZE filler FARZAET R batch size
filler = torch.randn(
(max(batch_size - 1, 0), in_features), device="cuda", dtype=torch.bfloat16

# %% needle BIE batch MR AIEAR/EE
front_batch = torch.cat([needle, filler], dim=0)
back_batch = torch.cat([filler, needle], dim=0)

front_output = layer(front_batch)[0]
back_output = layer(back_batch)[-1]

# THARES: T batch size #0 needle L&, ¥t 5 baseline —3K
torch.testing.assert_close(front_output, baseline, rtol=0, atol=0)
torch.testing.assert_close(back_output, baseline, rtol=0, atol=0)

vliim/model_executor/layers/quantization/fp8.py

O EMAME X, BT apply AR EZHFF Cutlass FP8 batch invariant 42,

Ao

# vlilm/model_executor/layers/quantization/fp8.py (partial)

import torch

import vllm.envs as envs

from vlim.model_executor.kernels.linear.scaled_mm import (
CutlassFP8ScaledMMLinearKernel,
MarlinFP8ScaledMMLinearKernel,

#..(KEX)

def apply(
self,
layer: torch.nn.Module,
x: torch.Tensor,
bias: torch.Tensor | None = None,
) -> torch.Tensor:
# YRR A VLLM_BATCH_INVARIANT B, {456 R EE FP8 B2
# IR KERNZE CutlassFP8ScaledMMLinearKernel B 3E block &1k,
# W EFERAA apply_weights, #% BF16 R B
if envs.VLLM_BATCH_INVARIANT:
if self.block_quant:
assert self.weight_block_size is not None
return self.fp8_linear.apply_weights(layer, x, bias)

HEHTR



else:
# ¥k EEMER Cutlass FP8 &
if isinstance(self.fp8_linear, CutlassFP8ScaledMMLinearKernel):
return self.fp8_linear.apply_weights(layer, x, bias)

# REME BF16 H#$H4T GEMM (fallback)
weight_fp8 = layer.weight.to(torch.bfloat16)
weight_scale = layer.weight_scale.to(torch.bfloat16)
if weight_scale.numel() ==
weight_bf16 = weight_fp8 * weight_scale
else:
# % scale %32 (40 QKV B & )
if weight_scale.dim() == 1 and weight_scale.shape[0] == weight_fp8.shape[0]:
weight_bf16 = weight_fp8 * weight_scale.unsqueeze(1)
else:
weight_bf16 = weight_fp8 * weight_scale
return torch.nn.functional.linear(x, weight_bf16.t(), bias)

# 3E batch invariant #R,: 8 Marlin H2RAH FP8 scaled GEMM
if self.use_marlin:

return self.fp8_linear.apply_weights(layer, x, bias)
return self.fp8_linear.apply_weights(layer, x, bias)

csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_sm90_fp8 d
ispatch.cuh

3 SMI0 £ A batch invariant dispatch #a epilogue &%k, & CUTLASS WZBIZLE
&,

// csrc/libtorch_stable/quantization/w8a8/cutlass/c3x/scaled_mm_smd0_fp8_dispatch.cuh
// (partial)

template <typename InType, typename OutType, bool EnableBias,
typename... EpilogueArgs>
inline void cutlass_gemm_sm90_fp8_batch_invariant_dispatch(
torch::stable::Tensor& out, torch::stable::Tensor const& a,
torch::stable::Tensor const& b, torch::stable::Tensor const& a_scales,
torch::stable::Tensor const& b_scales, EpilogueArgs&&... args) {
/] % dispatch £ EZE CUTLASS B2&, RMEK#T M (batch size)
/] #af% batch invariance: #it5 M %
static_assert(std::is_same<InType, cutlass::float_e4m3_t>());
/| REKELRAN FP8 e4m3
STD_TORCH_CHECK(a.scalar_type() == torch::headeronly::ScalarType::Float8_e4m3fn);
STD_TORCH_CHECK(b.scalar_type() == torch::headeronly::ScalarType::Float8_e4m3fn);

/] 183 N RX/NEFLRR R CUTLASS BBE
using Cutlass3xGemmM6bé4_N1280 = typename sm90_fp8_config_Mé4_N1280<InType, OutType,
EnableBias>::Cutlass3xGemm:;

using Cutlass3xGemmM6bé4_N8192 = typename sm90_fp8_config_Mbé4_N8192<InType, OutType,
EnableBias>::Cutlass3xGemm:;



uint32_t const n = b.size(1); // MR IFIELEE
if (n <= 1280) {
return cutlass_gemm_caller_sm390_fp8<Cutlass3xGemmMé4_N1280>(
out, a, b, b_scales, a_scales, std::forward<EpilogueArgs>(args)...);

}
return cutlass_gemm_caller_sm30_fp8<Cutlass3xGemmMé4 _N8192>(
out, a, b, b_scales, a_scales, std::forward<EpilogueArgs>(args)...);

template <bool EnableBias, typename... EpilogueArgs>
void cutlass_scaled_mm_sm90_fp8_batch_invariant_epilogue(
torch::stable::Tensor& out, torch::stable::Tensor const& a,
torch::stable::Tensor const& b, torch::stable::Tensor const& a_scales,
torch::stable::Tensor const& b_scales, EpilogueArgs&&... epilogue_args) {
/l EMANLRAN FP8
STD_TORCH_CHECK(a.scalar_type() == torch::headeronly::ScalarType::Float8_e4m3fn);
STD_TORCH_CHECK(b.scalar_type() == torch::headeronly::ScalarType::Float8_e4m3fn);

/] AR FR IR REIF bf16 = half B9 dispatch
if (out.scalar_type() == torch::headeronly::ScalarType::BFloat16) {
return cutlass_gemm_sm90_fp8&8_batch_invariant_dispatch<cutlass::float_e4m3_t, cutlass::
bfloat16_t, EnableBias>(
out, a, b, a_scales, b_scales, std::forward<EpilogueArgs>(epilogue_args)...);
} else {
STD_TORCH_CHECK(out.scalar_type() == torch::headeronly::ScalarType::Half);
return cutlass_gemm_sm90_fp8_batch_invariant_dispatch<cutlass::float_e4m3_t, cutlass::
half_t, EnableBias>(
out, a, b, a_scales, b_scales, std::forward<EpilogueArgs>(epilogue_args)...);

}
}

Wi B4
« Batch invariant BB EE: tirmchlsmth $8 4 CutlassFP8ScaledMMLinearKernel B4
AT R T BERE R KRRk & batch invariance B, 1E& yewentao256 B B Ft MR
FREE M THHERH, B Cl SBfTXEE TR,
IR ERREF: ElizaWszola #1EERFEF M prefer DeepGEMMEK A “prefer direct FP8" &
L EWRE block JRAMMS direct FP8, 1EEA#RE direct FP8"BE T DeepGEMM,
« CUTLASS dispatch 5¥BER: tirmchlsmth ZXFE sm100 2 sm120 dispatch F#HinE
%, BAMHIRAREEEMTT M 8RE (batch invariance) . TEEFIABRIN,
. Batch invariant BMERE R S5H#IA (design): yewentao256 EIR B _ENRFAREE M
TIEH, B Cl REBTXEETTMR, BHEETE,
« AP DeepGEMM BYEIRE # (style): yewentao256 %% 'direct FP8' &4
DeepGEMM, TR EEMHE T,
« CUTLASS dispatch JFBE K (documentation): yewentao256 A BZE KM IERE,



R 5 8
- QF&:
« ORTEMEBIZNE: YRISZIMVBRECEE (M=64) EFTARLTERIEHE ST
M, EEFRRKX CUTLASS ARZBTEARMALKR T ELERINT, TRITHRIZMRIRZ. MR
B EM shape AR ({XFEFF weight_shape Fa73/ batch size) , ¥ REZIRA FAIE N,
- HEERFS: BEE M EEEIRSK batch R T T aEJEHRM, 1B batch invariance 3K
MEE, ARETAEZ,
- BIPEF A FHEH batch_invariant_dispatch A% X¥5 R4 dispatch EE R SR
1, EEEILARARREERD EH, HMEPRIE,
- FEEE: SM89/90/100/120 #HEE| X FF, Es DX HAM GPU 24 (I SM80) &
fallback MR, FERIIFHEM LIRA TS KGTIER,

- AFP®: BHA VLLM_BATCH_INVARIANT=1 &, {£H FP8 4t B %X 3#F Cutlass B9t
RREEEMRIEA GERMRRA 29%) , BMIH ARBIRE batch size, fajfh 7 #LALIE
B, EFER Marlin XEME kernel MATARE,

« ZAERE: L 300 4T C++ A1 Python RES, FEFWME(EF CUTLASS AZIAE.,
%1% B 18] BE R 3G 0,

- FIRA® e |ELEI batch invariant R ES TAKREN, HBERRETI K.

« RFEARIT: R R MBIR , CUTLASS BEEERZ = |, ik shape AR

RERIREE

« PR #41993 [Refactor] Cleanup batch invariant dead code: A& PR A batch invariant &
KA Cutlass FP8 X3, 5ZADEE batch invariant %% (#41993) BT R —IMAEE
#H&,



