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« —4]iE: %X FF DFlash B4 KV W AK/NBERS reshape
- WESNME: EEALARITREK:
« dnfeT A indexes_kv_by_block_stride Si—FFE ZIEELL block stride B3Rk (BBE %
—MRAEATERR) -
« 3% vs XK block size BIRETEIFFZIA T,
« _reshape_attention_kv_cache # strided view it&E AR, AHEZX num-blocks-first
R HEED,
« MIRZIT: BZE FlashAttention. HND. DiffkKV =Z# K[ stride order B/,

TN EES BAL

DFlash draft # A "R B A tb BARAE R B /\Bg KV head size (fl4n MiMo £/ 192 4 B#r
KV heads fo 128 4 draft KV heads) , S W@ A/NUHIA 3:2, IA block-size scaling
BETEZ2%—, ENTEEAR/NNYIET E, FHBNIEHE stride 538 /53R IERAIL
B, #J PR body,

SRR

1. NMEIREEAAMN . FE viim/v1/attention/backend.py B AttentionBackend W Hr3E 7%
indexes_kv_by block_stride, 3B3d##& get kv_cache_stride_order RER stride
order ¥|¥r/E3% 2 F L num-blocks-first faF&R5| KV W, 1ZA%53KE bool, #
AttentionSpec &7 AN indexes_kv_by block_stride £ (vlim/v1/kv_cache_interface.py)

o

2. EAERBRSZI,: T vlim/v1/core/kv_cache_utils.py B unify kv _cache_spec_page_size
h AR A BRIEN: YEiE %3 (indexes_kv_by block stride=True) B, RE
page_size_padded B ARTLE A/, RFFBdlockize; TN HNotImplementedError,

3. A%t reshape H#EKIREX: & _reshape_kv_cache FHIEEA reshape ZiEHE AL R
% _reshape_attention_kv_cache, LT vlim/v1/worker/gpu/attn_utils.py, ZR$K X
R TEMN strided view, £ kv_cache_shape[0] == num_blocks (num-blocks-first)
, F3B3 torch.as_strided 142& block stride MABkIY3E 7 X35,

4. ARIMERS: £ vlim/v1/worker/gpu_model_runner.py %,
_reshape_kv_cache_tensors X _reshape_attention_kv_cache, MIFRNEXH padding



38, FE vlim/v1/worker/kv_connector_model_runner_mixin.py %,

use_uniform_kv_cache i1, BEIFEKE kv_cache_spec.indexes_kv_by block_stride,
5. MiRE = : I tests/v1/worker/test_attn_utils.py, &ZE FlashAttention. HND.

DiffkV =fh/S3h B A TIE B stride IEFM; T tests/vi/core/test kv_cache_utils.py

FIRIDE A T A/NE MR F0 ) & FE MR

R

. tests/v1/worker/test_attn_utils.py (£ MR; 5| test; LA test-coverage; F5
FakeFlashAttentionBackend, get_kv_cache_shape, get_kv_cache_stride_order,
FakeHNDFlashAttentionBackend) : #3EMIRAX 4, &E FlashAttention. HND,
DiffkV /E3aEE A TUE T A stride EFM, HRERZETH,

« vlim/v1/worker/gpu/attn_utils.py (1R #Z03Z 48, HK5| source; ER core-logic; F5

_reshape_attention_kv_cache) : BB EEE, #ET _reshape_attention_kv_cache

ANFERE, ZFIFEANEH strided reshape,

vlim/v1/attention/backend.py (13 &K £5| source; FEH core-logic; &5

indexes_kv_by block_stride) : ## indexes_kv_by block_stride #%, {EAEIHEEAN

M GE—ED,

vlim/v1/core/kv_cache_utils.py (#3k T B 25| source; ER core-logic) : &2k

unify_kv_cache_spec_page_size, XFATTERTEA/NPBER, FZEMAENTT,

. vlim/v1/kv_cache_interface.py (1&3k B0 ; 23| source; EA core-logic) : &
AttentionSpec Hi /0 indexes_kv_by _block_stride FE, RTLEKFEIREN, HE&
merge F1&#E,

XPEMF5 . _reshape_attention_kv_cache, indexes_kv_by block_stride,

unify_kv_cache_spec_page_size, use_uniform_kv_cache,
test_reshape_padded_flash_attention_kv_cache_strides_by_page

X pEEJRED Fr B

tests/v1/worker/test_attn_utils.py

MR X, BE FlashAttention. HND. DiffKV E3REEATIE B stride IEFME,
TRERZEIFH,

def test_reshape_padded_flash_attention_kv_cache_strides_by_page():

#MREZATUE T FlashAttention E#AY KV &7 stride fn offset
num_blocks = 3
# M3 — AR S AttentionSpec: page_size_padded=384, 5ZFr unpadded k/\ =256
spec = FullAttentionSpec(

block_size=16,

num_kv_heads=1,

head_size=2,

dtype=torch.float32,

page_size_padded=384,
)

assert spec.real_page_size_bytes == 256



raw_tensors = {
"layer": torch.zeros(spec.page_size_bytes * num_blocks, dtype=torch.int8)
}
attn_groups = |
AttentionGroup(
backend=FakeFlashAttentionBackend,
layer_names=["layer"],
kv_cache_spec=spec,
kv_cache_group_id=0,

kv_cache = _reshape_kv_cache(attn_groups, raw_tensors, "auto", [spec.block_size], {})
[“layer"]

# B8IF shape A (num_blocks, 2, block_size, num_kv_heads, head_size)
assert kv_cache.shape == (hum_blocks, 2, 16, 1, 2)
# BIE block stride &£ TFEA BT E AN (FRIX dtype K/]N)
assert kv_cache.stride(0) == spec.page_size_bytes // 4
# I03F K/V #E stride T 52Fr unpadded T #—¥
assert kv_cache.stride(1) == spec.real_page_size_bytes // 2 // 4
# BIEE = block B9 K 2% offset IEFABK T3 page
assert kv_cache[1, 0].storage_offset() == spec.page_size_bytes // 4
assert (
kv_cache[1, 1].storage_offset()
== (spec.page_size_bytes + spec.real_page_size_bytes // 2) // 4
)

vlim/v1/worker/gpu/attn_utils.py

BT E, BT  reshape attention kv _cache A EF K, XIFEXTEH strided
reshape,

def _reshape_attention_kv_cache(
kv_raw_tensor: torch.Tensor,
kv_cache_spec: AttentionSpec,
kv_cache_shape: tuplelint, ...],
kv_cache_stride_order: tuplelint, ...],
num_blocks: int,
packing: tuplelint, int] | None,
) -> torch.Tensor:
# #R3E stride order IRERHEF|JEHY shape Fni¥HEF|
permuted_kv_cache_shape = tuple(
kv_cache_shapeli] for i in kv_cache_stride_order
)
inv_order = |
kv_cache_stride_order.index(i)
for i in range(len(kv_cache_stride_order))
]
dtype = kv_cache_spec.dtype



if packing is not None:

# IR EEITR (E=F KV &5 tensor BI1EN)

offset, block_stride = packing

assert inv_order[0] == 0

page_bytes = prod(kv_cache_shape[1:]) * get_dtype_size(dtype)

kv_cache = (
kv_raw_tensor.view(-1, block_stride)[:, offset : offset + page_bytes]
.view(dtype)
.view(kv_cache_shape)

)

elif kv_cache_spec.page_size_padded is not None:
#HERATEEL: EE strided view Bk padding
# X X num-blocks-first /&, BF kv_cache_shape[0] == num_blocks
assert kv_cache_shape[0] == num_blocks, (
"Padded KV pages require a num-blocks-first KV cache layout"
)
dtype_size = get_dtype_size(kv_cache_spec.dtype)
page_stride = kv_cache_spec.page_size_bytes // dtype_size

# T EZE shape BB R stride, RA/EEE block stride

strides = list(torch.empty(kv_cache_shape).stride())

strides[inv_order[0]] = page_stride

kv_cache = torch.as_strided(
kv_raw_tensor.view(dtype),
size=kv_cache_shape,
stride=tuple(strides),

)

else:

# TER, BEEL view

kv_cache = (
kv_raw_tensor.view(dtype).view(kv_cache_shape)

# B8 stride order EHEZ|E3mAE VBN T
return (
kv_cache.permute(inv_order).contiguous()
if packing is None
else kv_cache

)

vlim/v1/attention/backend.py
#13E indexes_kv_by block_stride 7%, 1EABRBEARMNE—EEO,

@classmethod
def indexes_kv_by block_stride(cls) -> bool:
""Whether the backend reads KV pages by the runtime block stride.

True when ~“num_blocks™ " is the outermost physical dimension of the KV
cache, so the backend tolerates a non-contiguous block dim. This gates



page size padding and cross-layer uniform KV layout.
try:
kv_cache_stride_order = cls.get_kv_cache_stride_order(
include_num_layers_dimension=False
)
layered_kv_cache_stride_order = cls.get_kv_cache_stride_order(
include_num_layers_dimension=True
)
except (AttributeError, NotImplementedError):
return False

#REEHRETES layers 4£/E
if len(layered_kv_cache_stride_order) != len(kv_cache_stride_order) + 1:
return False

# stride_order[0] != 0 &5~ num_layers A2 —4, Bl block stride Z2&iSH
return layered_kv_cache_stride_order[0] != 0
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« merge BRE&FER: ivanium &I merge() AEKRIERE indexes_kv_by block_stride, #Zftxh
TEE,

« 340 block size B9&Z2ME (correctness): AIAERO I AE, FEALXNXATATE
Mk B JE 3 X IR IE .

o EERBE AR FidrE vs EA use_uniform_kv_cache (design): % H
indexes_kv_by block_stride &%, M get_kv_cache_stride_order Jk&, BEHT%—H
R A TFERIIE,

- merge 77 EBR%k indexes_kv_by block_stride FE& (correctness): ivanium X4 T 1%
£, BE8E¥H*,

. BMEAEEIN (style): ££¥ indexes_kv_by block_stride & #R.

- FREGin R B X IFE K page_stride (performance): B &BI{X num-blocks-first &3
S #, HtEmamhEiz, SEREEBE,

PNESE-A



- Afe:

1. MERERES: ERTESI AN strided view TRESKEFRIMETE, B PR EERIE
FlashInfer #i4 bit-identical, it & F#,; LirMtEPAEERELZRENE,

2. E3FEAM: X E&¥F num-blocks-first A E G (FlashAttention. FlashInfer) , Xt
HAh/E3% (10 MLA. ROCm) &iibH NotImplementedError Sl s kK. RERFHEX
o

3. @)ARFE: BEAERIKK block size FIfTARE;, EARHNEZIFEERER, Bd
indexes_kv_by_block_stride 1148, A¥MEAMRNEH. - BH: AP : XFLH
KV head size B draft 28 (0 MiMo-DFlash) ZHATHNARR, IBAMEEE N, RS
D A KV ZRELSEMEBNRLRERFZERE, ERIHBEAFT TEPME. FHEK: %
HMRHAEEEZRETEANNIRRESE, - NRIME: ROBRETE | BhES
M MREBRER R

KERIKZ:

« PR #45056 [Model] MiMo model enablement: i% PR &) 28 MiMo #HE B H PR, &
PR RA&tb3E KV ZHFEMIREIRD, 520 THH,

« PR #39995 [Spec Decode] DFlash with FlashInfer backend: 4~ PR & DFlash # KV 2
REMIRE, §5Em%EFELX,

« PR #40308 [Bugfix] Fix hybrid quantized per-token-head KV correctness: 4~ PR &4
per-token-head stride EIMIR, FLREZRIIR inline scale 7%,

« PR #40128 [RFC] Unify KV cache page sizes via LCM: i%Z PR &£ H3#¥ LCM £—TE A
N, BXRE. A PR XAEAA AMIE LCM,



