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PAITHRE

« —4)3E: Sparse MLA mask A& 128-bit inEk, B200 mask FF44[E4 35%

« ENME: BEEKEIR, LHE dense_mask mod XE cute Bi%: assume + flat_divide +
autovec_copy + recast_tensor ByZA&E CUTLASS HmIZHEE B H T E EMBATER,
TEAEI A mask K packed HKIBRZ; " shape RBKA—RIEMTF + MRABMTEE
THORMAERME L, B—/NESE AR _build_topk_mask BIRENEX T, EANEEEHM
SHBE

THRES B

PR body ByEEHIEE T, sparse MLA B 32-bit mask MEHE FA4 RAAF A unmasked
baseline T3k +53.7%~86.4% BIBUIMTHHE, ZAENMEEMRT, 1EE K mask_mod BRA—K
M 4 A packed word (128-bit &) , FEEFREITA padding FRIEXF, EFHEER
+17.8%~37.2%; BT REHLMBFN. FKE mask BX, tFEFEHALRTEE T, kernel
5 sparse-MLA IEFAMENRER o] B =

LI AE

1. mask_mod @& (vlim/model_executor/layers/attention/sparse_mla_mask.py) : &
5 dense_mask_mod, [BSZIAER kv (L EM—>K 32-bit word hnEinfcts; HrszIsicH
cute.assume i = batch/query 714 stride ®[# 4 B, B A flat_divide 3 mask 4T
X 4-word 3, autovec_copy —RMIE 128-bit AFHRE, JJ/E recast_tensor ¥ 4
AN Uint32 3R[El, _ vec size. ®H 32 Bk 128, it LE#MEREREF,
offset_dense_mask_mod #&#F 32-bit %,

2. BIERL: 4T5XF (viim/model_executor/layers/attention/sparse_mla_attention.py)
. _topk_mask_shape EE 5% num_words EH3E triton.cdiv(num_words, 4) * 4, 84T
word ¥AMNR| 4 B9fZ$K; _build_topk_mask B9IREMEAM out[:B, :Q, :num_words] BXA
out[:B, :Q], I view RiE padding Y1 #e, RIEEATALE AN I FRIF 128-bit X
F%; docstring El# A “preserving padded row storage’,

3. FAZEHMIR (tests/vl/attention/test_sparse_mla_mask.py) : Fr¥
test_topk_mask_rows_are_aligned_for_vectorized_loads (4 CPU #E& shape: 129 A~
key 3351 R 8 words, & reserve I ERME 8) 5
test_build_topk_mask_preserves_aligned_row_storage (CUDA _E#gi& 129 key B
mask, BIE 4R AN 8 4~ word. bit 0 5 bit 128 (L EIE#. padding fx&) .



4. MEBERSIE (PR WEME) : B200. BF16. 8 heads. QK dim 192, V dim 128,
num_splits=1. 42 1 mask, =4 Q x KV T mask #EXFF8eE 32-bit B9
+56.2%/+86.4%/+53.7% &3] 128-bit 89 +21.1%/+37.2%/+17.8%; #7|B callback %
FE—K,

R

« vlim/model_executor/layers/attention/sparse_mla_mask.py (3R SEFEHRNZ; £5)|
source; %A core-logic; &% dense_mask_mod) : #%& kernel BRENFRAE:
dense_mask_mod M 32-bit BFEIKHN 128-bit XFEEME, _ vec size. ®H 32 K
N 128, REIRMEREIKEBKRIR.

« vlim/model_executor/layers/attention/sparse_mla_attention.py ({3t SFZEHE; 25|
source; £ data-contract; &5 _topk_mask_shape, build_topk_mask) : $k#IEZRY
T EFE: _topk_mask_shape ¥ num_words X553 4 894Z%#, _build_topk_mask iR [E
view BHRE padding, =@ EMER R,

. tests/v1/attention/test_sparse_mla_mask.py ({3 BMER; HKF test; HKA
test-coverage; 5 test_topk_mask_rows_are_aligned_for _vectorized_loads,
test_build_topk_mask_preserves_aligned_row_storage) : ¥ERmAMRIE 4T 4 XF
BEMAFREE, BEIEE chunk KE (129 key) #E, FERRRGHFRA,

XS dense_mask_mod, offset_dense_mask_mod, _topk_mask_shape,
_build_topk_mask, test_topk_mask_rows_are_aligned_for_vectorized_loads,
test_build_topk_mask_preserves_aligned_row_storage

KR Fr B]

vlim/model_executor/layers/attention/sparse_mla_mask.py

¥ kernel BRENFFTE: dense_mask_mod M 32-bit BEIEFHKA 128-bit XMFmEEME,
__vec_size. H 32 5k 128, BAIRMEEIKEHEIR,

@cute.jit

def dense_mask_mod(
batch: cute.TensorSSA,
head: cute.TensorSSA,
g_idx: cute.TensorSSA,
kv_idx: cute.TensorSSA,
seqglen_info,
aux_tensors: list,

) -> cute.TensorSSA:
dense_mask = aux_tensors|0]
batch_idx = utils.ssa_to_scalar(batch)
g_idx = utils.ssa_to_scalar(q_idx)
kv_idx = utils.ssa_to_scalar(kv_idx)

# BX batch/query BIANA @AM stride, 3 assume(divby=4) MRIFEELE

# CAERE 4 BEE: BET A 4 /S word 4, fRIE 128-bit MFFMEREE
batch_stride, query_stride, _ = dense_mask.stride

aligned_mask = cute.make_tensor(



dense_mask.iterator,
cute.make_layout(
dense_mask.shape,
stride=(
cute.assume(batch_stride, divby=4),
cute.assume(query_stride, divby=4),
1,

# BRY Al (batch, query) X R BIEAT mask, BI% (4,) K flat_divide,
# IATYIRRE T 128-bit 3&; kv idx >> 5 & 32-bit word &3],

# B >> 2 155i% kv FTB#Y 4-word chunk &3]

mask_row = alighed_mask[batch_idx, g_idx, None]

mask_chunks = cute.flat_divide(mask_row, (4,))

mask_chunk = mask_chunks[None, (kv_idx >> 5) >> 2]

# autovec_copy —KHB 128-bit FEANEFHFEE, recast_tensor MEHMEER

# 4 /N Uint32 J3 load RE, B LRZEEBFEHMDE, BROBFNES RIIFELS
loaded = cute.make_rmem_tensor_like(mask_chunk)
cute.autovec_copy(mask_chunk, loaded)

return cute.recast_tensor(loaded, cutlass.Uint32).load()

dense_mask_mod.__vec_size_ =128

vliim/model_executor/layers/attention/sparse_mla_attention.py

IEZAZTEFRE: topk mask shape ¥ num_words 73| 4 89fZ%k,
_build_topk_mask RE view BHRE padding, &M EMINEKI BRI,

def topk_mask_shape(
batch_size: int,
max_qguery_len: int,
max_key_len: int,
reserve_key_starts_word: bool = False,
) -> tuplelint, int, int]:
"""Shape of a bit-packed top-k mask, shared by every site that builds one."""
tile_m = 128 if max_query_len <= 128 else 256
padded_g_len = triton.cdiv(max_query_len, tile_m) * tile_m
num_words = triton.cdiv(max_key_len, 32) + int(reserve_key_starts_word)
#RBENFTARE: 84T word HAbE| 4 BREEK, FEITKA 128-bit 1§
# B¥(E, sparse_mla_mask.dense_mask_mod A BE& A m E/mE
num_words = triton.cdiv(hum_words, 4) * 4
return batch_size, padded_g_len, num_words

def _build_topk_mask(
topk_indices_per_req: list[torch.Tensor],



g_lens: list[int],
max_g_len: int,
max_sed_len: int,
out: torch.Tensor,
) -> torch.Tensor:
"""Build a bit-packed top-k mask while preserving padded row storage."""
batch_size = len(qg_lens)
num_words = (max_seq_len + 31) // 32
total_rows = batch_size * max_qg_len
if total_rows ==
# ZIEREHEARE TE 4 view, F#FHH padding
return out[:batch_size, :max_g_len]

# F a8 A _scatter_topk_single_req_kernel / _scatter_topk_kernel
# F atomic_or & top-k R5|XXMH bit E AL mask 17, XEHBE

# REINEYE padding: 3% num_words #HE &G —4,
#XAERE view BIEATRIEHIETIR 128-bit 5T

return out[:batch_size, :max_qg_len]

tests/v1/attention/test_sparse_mla_mask.py

FOEANMRIE TR 4 NF EHMATREE, BEEE chunk KE (129 key) %%, LR
RRAMFRA,

def test_topk_mask_rows_are_aligned_for_vectorized_loads() -> None:

# 129 N key BE 5 /> 32-bit word, XFEITRRA 8 4 word

assert _topk_mask_shape(2, 129, 129) == (2, 256, 8)

# reserve_key_starts_word Z R EHEENFTE 8

assert _topk_mask_shape(2, 129, 129, reserve_key_starts_word=True) == (
2,
256,
8,

@pytest.mark.skipif(not torch.cuda.is_available(), reason="requires CUDA")
def test_build_topk_mask_preserves_aligned_row_storage() -> None:

shape = _topk_mask_shape(1, 1, 129)

out = torch.zeros(shape, dtype=torch.int32, device="cuda")

topk = torch.tensor([[0, 128]], dtype=torch.int32, device="cuda")

mask = _build_topk_mask([topk], [1], 1, 129, out)
# AT ARIE 8: bit 0 5 bit 128 28I word 0 5 word 4,
# HREMREH padding, EA 0

assert mask.shape == (1, 1, 8)
assert mask[0, 0].tolist() == [1, 0, 0, 0, 1, 0, 0, 0]

AT £



review HFH B KESITRAEE:

« simon-veitner-redhat 4] store 2 & WEEMEfL: “is the store vectorised and if not can
we vectorize the store aswell?”, EEEEXBERAELZANFTE. S lower RFFEIR

{&, &M return cute.recast_tensor(loaded, cutlass.Uint32).load() ME&EAE [E{E B =%,
TRRFATXNE %,

» simon-veitner-redhat 3&[9] Blackwell £ ZFIR3¥ 256-bit f1#k: “did we try to leverage
256 bit load for blackwell?”, EEEE & hdim 256 kernel 538 kernel &R A MERE
R, FIFEE 128-bit,

. store & MEEMEA (performance): REEES store, 2K recast_tensor I=FFIEME
, MHRERE,

« Blackwell & %R 256-bit 1% (performance): 256-bit FiX/F LUk, 1R¥F 128-bit [
ERE,

R 58
- RS

< REIFIRTAL: _build_topk_mask REH view REFHEE| num_words, 1&K#i
shapel[-1] 5§ key KEBZEREWRAR A EERI,; A PR RKLHE FAL B2, ®aE
FREFE SM100 masked-MHA B&4%2,

« JFMRIZ: cute.assume(..., divby=4) IK¥FTA mask 2 BEERZY _topk_mask_shape;
EFHAAT ST ZRBEELEIENT buffer, SfEEREXITAH, YRIFTAE DB AR
EIX 5T shape, MIAWEEZET 129 XEIEE chunk KE,

- FEMRE: _is_masked_mha_available lRE SM100, At GPU A ZHrABA L%,
offset_dense_mask_mod 152 32-bit, 5§ dense_mask_mod 4T AR —FK(B 5" IE 7
e

« W% : padding #81T& %% 3 4 word, workspace ERAEERET
_topk_mask_shape B&h B %, SAGESHAARINEE,

« B XA SM100 (Blackwell) E sparse MLA (%1 DeepSeek top-k BT EA)
B mask XK BEEETE, K Qx KV IZRAHRAE (ENAHRSEMELY 50%) ,
BRMPARE, TEEH TN, EBR: mask ;TR EHEIFERAEH, EL kernel &
ZRMAELEERFRASNNFTAE; FEMRE TR 4 XFEMAIALETE, el
%, {XFE CUDA SM100 # masked attention RAZE&IZ,

- RESARIT: BIBRATE: mask THRE padding, MFFHRIZEKH divby=4, /X SM100 F
B4, offset_dense_mask_mod FKmEE

KRR L&
« PR #52775 [Kernel] SM120: stop routing misaligned-M blockwise FP8 GEMMs to the

small-M swapAB config: FI A SM1xx F&RZKIERESRM, KB NVIDIA Blackwell R
RARA R ENIFTIE, RIER—hEEL, BEXERIEENZERERE ETEHRSE,



