PR #40372 REIRLE

vlim-project/vlim
[Kernel] Batch invariant NVFP4 MoE using cutlass
&3FmtE: 2026-08-05 12:31

JRSCEESE: http://prhub.com.cn/vlim-project/vlim/pull/40372

PATHRE

- —A)iE: Efb CUTLASS NVFP4 MoE RAZHEA MR A AR
- BENE: EBER. MNERZAE. EAERSFATHERINIRETLEESENE,
(EEXTN =S RE . — 2 A static_assert EZERB MBI AR ZIRRY, BEER
BRIGFAREFALTIIRA, —EZBHAEMHRIERE (ful-M ZfT vs M=1, BEMITE
e, BATHNPAT)  ZEEDNRAXGEHMAHRREARN Cl ARAR. ZHTE
#39520 xftb, 3EfE " RAEXF - BEMARA " 8 PR BRRE,

THRES B

PR body BA#i%ER: "Much like in case of nvfp4 linear, the current VLLM_CUTLASS MoE
backend happens to be already batch invariant in practice. This PR adds a few
comments and static asserts in the .cu file so that no one breaks it accidentally, along
with a specific test case for batch invariance." Bl B #r 2 B8R EERKEIH #39520, H
EANAANA SN AT B Y, 8N RmFHNE 5MRIECEM AR THERIFEA,

. BEEBENEYA: vlim/model_executor/layers/fused_moe/experts/cutlass_moe.py #
CutlassExpertst4 e S A0  supports_batch_invariance(), 3R[E True, BRH#7E BR
BEim X FFMAT M, #EEEESMRAEN,

2. MIFHAEENAZ AR csrc/libtorch_stable/quantization/fp4/nvfp4 blockwise_moe_ker
nel.cu ¥, run_fp4_blockwise_scaled_group_mm_sm100 F cute::is_same_v W&
TileScheduler @A PersistentTileSchedulerSm100Group;
run_fp4 blockwise_scaled_group_mm_sm120 A cute::is_base of v W& T/EIFAE D
FURE KernelPtrArrayTmaWarpSpecializedCooperative, $&i2{s BBAME KKKk E
37 batch invariant BZRMIEKERE,

3. AN AT MM : tests/v1/determinism/test_cutlass_batch_invariance.py #3% 294
1To test cutlass nvfp4 scaled_mm_batch_invariant B& 7 AR x 2 4 dtype, FfT
¥ full-M £ RE5 M=1 &R torch.equal TAEXFEL; test_cutlass_nvfp4_moe_batch_inv
ariant #J3& FusedMoEKernel + CutlassExpertsFp4 BEZAAEE, BE e€{40,64}.
topkE€{1,4}. SILU/SWIGLUSTEP 5 3 48 batch IR, BIEATE#EHE R T AKX BT



SMHATE BRI AT —K. XM docstring KL VLLM_BATCH_INVARIANT=1 &
fresh pytest #tf2 H3i54T,

4, SFHEENMREFEIE CI: MR tests/vl/determinism/test_nvfp4_batch_invariant_scaled
_mm.py (H test nvfp4 gemm batch_invariance ZBEHIF N LRI XH) |, FHE .
buildkite/test_areas/misc.yam| 8 batch-invariance-b200 £ Rt B MR 8951
A, BeR—#E2Z R EBEMTHERER CI REE 2,

REEF:

. tests/v1/determinism/test_cutlass_batch_invariance.py (3R B2 MM ; 3£5)] test;
KA test-coverage; &5 test cutlass_nvfp4_scaled_mm_batch_invariant,
_make_cutlass_fp4 _moe_batch_invariant_case, _run_cutlass_fp4_moe,
test_cutlass_nvfp4_moe_batch_invariant) : PR E4k: #3% 294 fTIHART MR, &
NVFP4 scaled-MM ZATXTEEE MoE 4TEH# / BATIUE, HEAT
VLLM_BATCH_INVARIANT=1 5 fresh #t2 &K,

. csrc/libtorch_stable/quantization/fp4/nvfp4_blockwise_moe_kernel.cu (13t B/ AAZ
: 23| other; KA core-logic) : #ARZE MM HRFHARIPHLE : SM100/SM120 Fik
static_assert B RE 55 F/EIX schedule, FiibRKekahTo BRI E 4,

« vlim/model_executor/layers/fused_moe/experts/cutlass_moe.py (13t MoE £%; 25|
source; M data-contract; &5 _supports_batch_invariance) : #3g
_supports_batch_invariance() RAF %, €A THEMNBANZERT AT NEAER, 40
REELEEH,

. tests/v1/determinism/test_nvfp4_batch_invariant_scaled_mm.py (3R #aE NS £
B test; LA test-coverage; &5 test_nvfp4_gemm_batch_invariance) : #EHH FRAEY XS
SOMAR X, H test_nvfpd _gemm_batch_invariance Zi&& 3 #
test_cutlass_batch_invariance.py, % E £ #EREER,

« .buildkite/test_areas/misc.yam| (#3k CI B2E&; 25| config; & configuration) : CI
BLE: M batch-invariance-b200 EEH RN EMBRXHFEEI A, FRIFMIRZ] RS SCHFSEZFR
RE—EK

XS supports_batch_invariance, test_cutlass_nvfp4_scaled_mm_batch_invariant,
test_cutlass_nvfp4_moe_batch_invariant, _make_cutlass_fp4 _moe_batch_invariant_case,
_run_cutlass_fp4_moe, run_fp4_blockwise_scaled_group_mm_sm100,
run_fp4_blockwise_scaled_group_mm_sm120

RERED R B

tests/v1/determinism/test_cutlass_batch_invariance.py

PR FAK: ¥ 294 fTMARZTMENMR, & NVFP4 scaled-MM ZR4TxTEL S MoE 4TB#: / #4T
I93F, 3P VLLM_BATCH_INVARIANT=1 5 fresh #fER,

@_NVFP4_REQUIRES_SM100

@pytest.mark.parametrize("case_config", NVFP4_MOE_BATCH_INVARIANT_CASES)
@pytest.mark.parametrize("activation", [MoEActivation.SILU, MoEActivation.SWIGLUSTEP])
@pytest.mark.parametrize("e", _"NVFP4_MOE_NUM_EXPERTS)
@pytest.mark.parametrize("topk", _NVFP4_MOE_TOPKS)



@torch.inference_mode()
def test_cutlass_nvfp4_moe_batch_invariant(
case_config, activation, e, topk, dtype, default_vlim_config, workspace_init
) -> None:
case = _make_cutlass_fp4_moe_batch_invariant_case(
case_config, activation, e, topk, dtype
)
# SH— R batch B3| baseline, JE45 A EREBEHITI S
batch_output = _run_cutlass_fp4_moe(case, case["hidden_states"], case["score"])

# WEEMERE LA, WERAKK

assert CutlassExpertsFp4._supports_batch_invariance()

# NEMTHFAMMERER: FERE baseline #RINFZETEL—K,
# BB grouped GEMM #i i RIRK token #IT B expert L HIRF
indices = torch.arange(case["hidden_states"].size(0), device=case["hidden_states"].device)
for perm_name, perm in (
("reversed", torch.flip(indices, dims=(0,))),
("evens_then_odds", torch.cat((indices[::2], indices[1::2]))),

permuted_output = _run_cutlass_fp4_moe(
case, case["hidden_states"][perm], case["score"][perm]
)
torch.testing.assert_close(
batch_output[perm],
permuted_output,
atol=0,
rtol=0,
msg=f"{case_id}: permutation '{perm_name}' changed outputs",
)
# BXE—1TU batch-size-1 M BUTHZITH L, FH—HIE M=1 —Eit

csrc/libtorch_stable/quantization/fp4/nvfp4_blockwise_moe_kernel.cu

WMART M RIZEARIP LA . SM100/SM120 Lt static_assert BiERE RS F/EIK
schedule, FribskReksh T B IRA E 1,

// SM100 NVFP4 448 GEMM: %RiFHAPIE persistent tile scheduler,

/] AREMEBERKEA token THILERFKEL batch A H AT EIRF,

// PersistentTileSchedulerSm100Group #ATRHFARE, MBIFHEZ MR,

using Gemm1SM = cutlass::gemm::device::GemmUniversalAdapter<GemmKernel>;
using Gemm = Gemm1SM;

static_assert(
cute::is_same_v<
typename Gemm::GemmKernel::TileScheduler,
cutlass::gemm::kernel::detail::PersistentTileSchedulerSm100Group<
ProblemShape, Gemm::GemmKernel::SchedulerPipelineStageCount>>,
"SM100 NVFP4 grouped GEMM must use PersistentTileSchedulerSm100Group "
"for batch invariance (VLLM_BATCH_INVARIANT=1). "



"If you want to change this, add a dedicated config/code path "
"for batch invariant mode, instead of relaxing this check.");

// SM120 0% BXRF/EIFEXA cooperative ptr-array FE,
// FRiE grouped GEMM £ expert RAMBUTE batch THEZfEE,
using Gemm = cutlass::gemm::device::GemmUniversalAdapter<GemmKernel>;
static_assert(
cute::is_base_of_v<
cutlass::gemm::KernelPtrArrayTmaWarpSpecializedCooperative,
typename Gemm::GemmKernel::CollectiveMainloop::DispatchPolicy::Schedule>,
"SM120 NVFP4 grouped GEMM must use a cooperative ptr-array mainloop "
"schedule for batch invariance (VLLM_BATCH_INVARIANT=1). "
"If you want to change this, add a dedicated config/code path "
"for batch invariant mode, instead of relaxing this check.");

/] S JEZEAMREE R scheduler XE/EEF schedule, #41%A batch invariant
/] ARSI AL R, TN RFHEEREE, B E g T AR

vlim/model_executor/layers/fused_moe/experts/cutlass_moe.py

¥38 _supports_batch_invariance() BA A%, IEMATHEMBALETAENEBEAER, #
MRS HELR & M),

class CutlassExpertsFp4(mk.ExpertOp):
# .. Hthge hFEBRAER ..

@staticmethod
def _supports_batch_invariance() -> bool:
# CUTLASS NVFP4 grouped GEMM {#H persistent & & B AT 8] TARE,
# M RRE batch THRTL X, %5 RE LB TSR,
# 3| tests/vl/determinism/test_cutlass_batch_invariance.py 34L3030E,
return True

# ERREAARERRIZMR, WMENRE False 4 RIEH R TR

N D W

e XL

AT =4t

1. yewentao256 & Cl ECE review FE3K: "Please add the test to the linear test file
and combine as test cutlass", BR3BHF3E MoE MIREFHF 3 linear AN A XM, 1L
J5 42383 commit "Consolidate Cutlass batch-invariance tests" Rz, #FR T FRL A9
test_nvfp4_batch_invariant_scaled_mm.py, JEHFZEHF A
test_cutlass_batch_invariance.py.

2. gemini-code-assist miAEkEIX: PR body BB e=40 ABITTRERE bug #40351 KK,
ZEIWHA pytest.mark.xfail FrigEREE Cl, RELESAREERN xfail 1B (

_NVFP4_MOE_NUM_EXPERTS /54 (40, 64)) , #0 #40351 B8 &8 MR LFrEAR ;
PR body 8 note REZ MR, HFEBMIAER—IK,



3. mergify[bot] & NHIIRT merge conflict § pre-commit &M, {EEEIT L H# merge
main &R (14 A commit F 11 ™K merge) , & yewentao256 BIER Cl, &
EFLFIEK "take another look",

« MR A I3 test_cutlass_batch_invariance.py (design): E&#E3E commit "
Consolidate Cutlass batch-invariance tests" ¥
test_nvfp4_batch_invariant_scaled_mm.py #IRIFE AN
test_cutlass_batch_invariance.py, EB#K CI dxNEE, BAER—#HE L XREEHRIT
HE R,

« e=40 ABIRTEE xfail (testing): A SN R E L xfail #5i8 (
_NVFP4_MOE_NUM_EXPERTS 7% (40, 64)) , # #40351 BAEE K NAL IR ;
PR body # 81 note REF MR, FERH LR —Ko

R 5 B

« QRS FEXFEAMEE:

1. RFEANT S IR &I NAZEF . .cu B static_assert BBZRED T YT scheduler R, FkF#
AMERESI ANFTRE R (dm streaming scheduler 3E cooperative /& F) , K HEBEHREFL
W, XERERIT, EERAKKEIRA; RE CUTLASS RAARSFEEM hE =i
T, TERIRE K,

2. MR BIRPEARRRE: native REBEEAN GEMM JEAKRER VLLM_BATCH_INVARIANT
RS, —BER— pytest #HEBAPUTIEMAZAZ, BEZXHNRERRTE, X4
docstring B%4, 1B CI ¥ batch-invariance-b200 1E&ABE Bl — 32 B4TH L AR 3C
%, IR,

3. BERHMET: MRXE = bfloat16. SM100+ (B200) . e€{40,64}. topkE{1,4}; f16.
SM120. BEXERHKRESZ, B e=40 % #40351 YT oLk, F&E Cl EINK,

4. MR XAZESIR M : test_nvfp4 _batch_invariant_scaled_mm.py ¥R, ©FER Cl BB E
BRZER,; EEIIRHARAM GOSN AZBRESERK, - FWH: XHFLXE: BK
NVFP4 MoE CUTLASS WAGREEL B S S BVE A IZE, AMENIEM batch
invariant ¥ AEEZE, BEERRTEEREHER, XA #H8 VLLM_CUTLASS + NVFP4 (
Blackwell) B9 3845 A E &K, supports_batch _invariance() AR L&
HEZEEW, X Cl: B200 HATAESHE 294 [THEMNR (BEEKAKE) , #EhnissT
B RBSERMR— MDA XA R E R, AWNREZE: #L T " AR EF
BIRE S fresh HERMAT " WARER, BARZMEEFE NVFP4/CUTLASS JZ3H5 #
EMEMRAR, FERMEMERERSZ, - NRARD: miFAKERERNAZER | AR
HEREB |, e=40 BABRMEE CI, BEXR SM100+ / bfloat16

RERIREE

« PR #39520 [Kernel] Alternative approach for NVFP4 MoE batch invariance: PR body
BB BAA PR 2 #39520 WERAE: FEFAKZ, fEMBIAILA VLLM_CUTLASS
MoE Eim B A& AT I AE L,

« PR #40351 Known bug: NVFP4 MoE e=40 test failure: PR body ¥i2 e=40 iR =] gE &
ZB40 bug &K, gemini-code-assist By review W3 HIZEIX xfail, BMIRFEZ MY * B



+ PR #50905 [ROCm][CI] Add aiter per-token FP8 quant roundtrip and RMSNorm
determinism tests: FB®EMEN / AT EIMMEMNRZ R AT (ROCm AITER #ZE MEMR)
, A PR —#2AIL vLLM Xt 5 & MR R PR AN



