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PATHE
« —4)3E: 5|\ CuTeDSL TM#AEZE, #H FA4 MLA IR JIT ZERIE(E
« WEME: BIWFFRERIEL cutedsl_warmup.py BUEM - IKE - HiZHAESD

fa4_cutedsl_config.py B1%miF spec &£ X3Z%E, provider A £ AT H A JIT ERE,
IR EBRRIAEXIT, 54 PR WREERIAR BN TR,

ThRES EAL

%% PR 3R : "The goal is to compile the relevant FA4 CuTeDSL kernels during model
warmup, before serving real requests, so runtime inference does not pay JIT latency
spikes." Tt warmup B, #ESfA CuTeDSLJIT %&iF (#0 FlashAttentionForwardSm100)
, FEGEERRE; BRI RIFRAE BN E,.

SRR

1. BBEFFX: 7 vllm/config/kernel.py B9 KernelConfig ®/m enable_cuteds|_warmup:
bool = False, 1EATARFF X,

2. WHRERRHE: F3E vliim/model_executor/warmup/cuteds|_warmup.py, ZEX
CuTeDSLCompileUnit (name. key. compile &%k) #n
register_cuteds|_warmup_provider ¥t &%k, WA DO cutedsl_warmup() WKEFTAE BEE
ft provider IRIFETT, % key XEJG & torch.inference_mode() THUTHF.

3. FA4 MLA RZBLE: #F3E viim/model_executor/warmup/fa4_cutedsl_config.py, EX
FA4MLAPrefillCompileContext (B& dtype. k#E. EKE) A4k = RmiFERNERES,
WIBYUR] GPU ZEMFiERELE, A8k 4 M (EEXLSE) xEFTRIKELEHHRIF spec,

4. JF387FM Provider: 18EX vlim/v1/attention/backends/mla/prefill/flash_attn.py, 1
FlashAttentionMLAPrefill /a3 E# LB EM B & A CuTeDSL Hik provider, SZIL
get_cutedsl_warmup_compile_units A%, RIFBITHECEMERIF LT XGRS FA4
Br B AR,

5. RiFFEO5RAERA: B2& viim/viim_flash_attn/flash_attn_interface.py #3g
compile_flash_attn_varlen_func_from_specs, i FA4 AR IF, &
vlim/model_executor/warmup/kernel_warmup.py BT RERE, WEEERZRAAYE
A CUDA, A cutedsl_warmup().



6. TREIREF: cmake/external_projects/vlim_flash_attn.cmake ¥ flash-attention #
GIT_TAG EFF B2 RmFFEONIRA, viim/viim_flash_attn/__init__.py SH#IFED, &K
REESMRAM, BWEEINR,

REEF:

« vlilm/model_executor/warmup/cuteds|_warmup.py ({£3k FRAEZLE; 25| source; FEH
core-logic; 5 CuTeDSLCompileUnit, register_cuteds|_warmup_provider,
_iter_cutedsl_warmup_compile_units, _collect_unique_compile_units) : CuTeDSL F#
BoWAEZE: & X CuTeDSLCompileUnit, SEMEE. WKERE. HmFHITAD
cutedsl_warmup,

« vlilm/model_executor/warmup/fa4_cuteds|_config.py (#83k FA4 BCE; 25| source; 2
A data-contract; 5 FA4MLAPrefillCompileContext, effective_v_head_dim,
FA4MLAPrefillCompileRequest, compile) : FA4 MLA ZRiFELE: EXHRmFLT X, HEXK
AR EFRIENZE, & FA4 RSB,

« vlim/v1/attention/backends/fa_utils.py (3t IEFTE; KB source; ER core-logic;
&5 FlashAttentionCuTeDSLCompileSpec, compile, request_key) : ZRiFMEENX: #r
¥ FlashAttentionCuTeDSLCompileSpec & H compile 7%, EAMBIERSE FA4 HRiF
B0 BHE,

« viim/vlim_flash_attn/flash_attn_interface.py (#3k W0 ; 29| source; LA
dependency-wiring; 5 compile_flash_attn_varlen_func_from_specs) : FA4 ‘RiF#EE
O: #¥ compile_flash_attn_varlen_func_from_specs &%k, 7Eh vLLM FiiER S
FA4 NiZ4miFes Z B BB AT,

« vlim/v1/attention/backends/mla/prefill/flash_attn.py (£ MLA F3E; 2% source; 3£
# dependency-wiring; &5 get_cutedsl_warmup_compile_units) : Provider SZHi:
FlashAttentionMLAPrefill ##aLEEM A CuTeDSL warmup provider, 5231
get_cutedsl_warmup_compile_units 7%, &z FA4 T,

« vllm/model_executor/warmup/kernel_warmup.py ({£3k FRGEAE; 25| source; LR
entrypoint) : FIRAGABEAD : AEEMPBAERE, ZTEERAMNAA cutedsl_warmup()
, BERTUAEE,

« vlim/config/kernel.py (#£3k NIZBLE; 5| source; A configuration) : BLEF X
3L enable_cutedsl_warmup f/RECEIN, BRIAKIF], BHEITIRATA,

« viim/vlim_flash_attn/__init__.py (&3 #3R A0 ; 23| source; EH& dependency-wiring)
c REREH ¥ compile_flash_attn_varlen_func_from_specs IIAAFHED, %
fa_utils £ H,

- cmake/external_projects/vlim_flash_attn.cmake ({E3k ¥ZEBIA; £ 5] other; EH!
build) : FHIREH: EH flash-attention B GIT_TAG BB EHmFFONIRA, BAFREZE
O,

XEFE: cutedsl_warmup, register_cutedsl_warmup_provider,
_iter_cuteds|_warmup_compile_units, _collect_unique_compile_units,
_compile_cuteds|_warmup_units, iter_fa4_mla_prefill_compile_requests,
iter_fa4_mla_prefill_compile_specs, FA4MLAPrefillCompileContext.effective_v_head_dim,
FlashAttentionCuTeDSLCompileSpec.compile,



compile_flash_attn_varlen_func_from_specs, FlashAttentionMLAPrefill.get_cuteds|_warm
up_compile_units

KR Fr B]

viim/model_executor/warmup/cuteds|_warmup.py

CuTeDSL FRALWAELR: E X CuTeDSLCompileUnit. IR, KEEE. HFPITAHL
cuteds!l_warmup,

# SPDX-License-Identifier: Apache-2.0
from __future__ import annotations

import time

import weakref

from collections.abc import Callable, Hashable, Iterable
from dataclasses import dataclass

import torch

from vlim.logger import init_logger

from vlim.platforms import current_platform
from vlim.tracing import instrument

logger = init_logger(__name__)

CuTeDSLCompileFn = Callable[[], None]

@dataclass(frozen=True)

class CuTeDSLCompileUnit:
name: str # RIFRTELHR, ATEXE
key: Hashable # &8, #RE key REiF—X
compile: CuTeDSLCompileFn # SZFrEAT 4RI H R %K

# {2 WeakSet ##fi# provider, #R/EIR5| A
_CUTEDSL_WARMUP_PROVIDERS: weakref.WeakSet[object] = weakref.WeakSet()

def register_cuteds|_warmup_provider(provider: object) -> None:
"SEM—AN provider, ESZH, get_cutedsl_warmup_compile_units A%,
_CUTEDSL_WARMUP_PROVIDERS.add(provider)

# 387 P SEM provider UREIRIFHE T
def _iter_cutedsl_warmup_compile_units() -> Iterable[CuTeDSLCompileUnit]:
for provider in tuple( CUTEDSL_WARMUP_PROVIDERS):
get_units = getattr(provider, "get_cuteds|_warmup_compile_units", None)
if not callable(get_units):
continue



compile_units = get_units()
if compile_units is None:
continue
for unit in compile_units:
if not isinstance(unit, CuTeDSLCompileUnit):
raise TypeError("get_cuteds|_ warmup_compile_units must return
CuTeDSLCompileUnit objects")
yield unit

# % key XE, KRBT
def _collect_unique_compile_units(
compile_units: Iterable[CuTeDSLCompileUnit],
) -> list[CuTeDSLCompileUnit]:
seen: set[Hashable] = set()
unique: list[CuTeDSLCompileUnit] = ]
for unit in compile_units:
if unit.key in seen:
continue
seen.add(unit.key)
unique.append(unit)
return unique

# 7£ inference_mode THUTFTA %mi%# 70, &M CUDA
def _compile_cutedsl_warmup_units(compile_units: Iterable[CuTeDSLCompileUnit]) -> int:
compiled = 0
with torch.inference_mode():
for unit in compile_units:
unit.compile()
compiled += 1
torch.accelerator.synchronize()
return compiled

# Zue A8 (RE CUDA F&aPUT
def cutedsl|_warmup() -> None:
if not current_platform.is_cudal():
logger.info("Skipping CuTeDSL warmup on non-CUDA platform.")
return

compile_units = _collect_unique_compile_units(_iter_cutedsl_warmup_compile_units())
if not compile_units:
logger.info("Skipping CuTeDSL warmup because no compile units were requested.")
return

unit_names = list(dict.fromkeys(unit.name for unit in compile_units))
logger.info("Warming up CuTeDSL compile_units=%d names=%s.", len(compile_units), unit_
names)



start_time = time.perf_counter()

compiled_count = _compile_cuteds|_warmup_units(compile_units)

logger.info("CuTeDSL warmup compiled %d units in %.2f s.", compiled_count, time.perf_
counter() - start_time)

vliim/model_executor/warmup/fa4_cuteds|_config.py

FA4 MLA FRiELE : EXHFLTX. BREXSBOPRENZE, & FAL MBASKMEZ

NS

# SPDX-License-Identifier: Apache-2.0
from __future__ import annotations

from collections.abc import Hashable, Iterator
from dataclasses import dataclass
from typing import TYPE_CHECKING, Literal

import torch

if TYPE_CHECKING:
from vlim.v1.attention.backends.fa_utils import FlashAttentionCuTeDSLCompileSpec

FA4ArchitectureFamily = Literal["sm90", "sm100f", "sm120"]

# AT vVLLM MLA prefill £ FA4 B K/V 7B E num_heads, FTBA ghead_per_kvhead=1,
# batch EZEA 1 UEE Split-KV FRFH IR,

FA4_MLA_PREFILL_COMPILE_BATCH_SIZE = 1

FA4 MLA PREFILL_CAUSAL_OPTIONS = (False, True)
FA4_MLA_PREFILL_LSE_OPTIONS = (False, True)

@dataclass(frozen=True)

class FA4MLAPrefillCompileContext:
dtype: torch.dtype
num_heads: int
gk_head_dim: int
v_head_dim: int
kv_nope_head_dim: int
requires_v_padding: bool
scale: float
num_splits: int
fa_version: int

@property
def effective_v_head_dim(self) -> int:
"FA4 BBV KEE: FE padding H% T gk_head_dim, "
return self.qk_head_dim if self.requires_v_padding else self.v_head_dim

def iter_fa4_mla_prefill_compile_specs(
ctx: FAAMLAPrefillCompileContext,



) -> Iterator[FlashAttentionCuTeDSLCompileSpec]:
"ARERIF LT X ERKRFTR & EB compile spec, "
arch_family = _fa4_architecture_family_from_compute_capability(*torch.cuda.get_device_
capability())
if not _supports_fa4_mla_prefill(ctx, arch_family):
return

from vlim.v1.attention.backends.fa_utils import FlashAttentionCuTeDSLCompileSpec

batch_size = FA4_MLA_PREFILL_COMPILE_BATCH_SIZE
v_stride = None
if not ctx.requires_v_padding:
v_stride = (ctx.num_heads * ctx.kv_nope_head_dim, ctx.kv_nope_head_dim, 1)

#mABREMA: & P& K. 875
for _, max_seqglen_g, max_seglen_k in _shape_probes_for_context(ctx, arch_family):

total_q = batch_size * max_seqglen_qg

total_kv = batch_size * max_seqglen_k

# AR5 LSE B&

for causal in FA4_MLA_PREFILL_CAUSAL_OPTIONS:

for return_lse in FA4_MLA_PREFILL_LSE_OPTIONS:
yield FlashAttentionCuTeDSLCompileSpec(

g_shape=(total_g, ctx.num_heads, ctx.gk_head_dim),
k_shape=(total_kv, ctx.num_heads, ctx.gk_head_dim),
v_shape=(total_kv, ctx.num_heads, ctx.effective_v_head_dim),
v_stride=v_stride,
d_dtype=ctx.dtype,
cu_seqglens_qg_shape=(batch_size + 1,),
cu_seqlens_k_shape=(batch_size + 1,),
max_seqglen_g=max_seqlen_q,
max_seqglen_k=max_seglen_k,
softmax_scale=ctx.scale,
causal=causal,
return_softmax_lse=return_lse,
num_splits=ctx.num_splits,
fa_version=ctx.fa_version,

)
PR AL

Review FEEIHL T U T A& &L
« BRIAB A : LucasWilkinson ZiX& enable_cutedsl_warmup BRIAZA True, (EHRLREF

False, TRERH FHRIFERE,

« A current_platform: mgoin #§ fa4_cutedsl_config.py B A
torch.cuda.get_device_capability() R2BXF current_platform.get_device_capability(),

EERILEIEER, (B3 CUDA FERRATRE, BITRILH M,



« #3| kernel_warmup: LucasWilkinson AR cuteds|_warmup 8B N K&
kernel_warmup W3R, RASLZIE kernel_warmup.py F 5 K.

« RLRADLER . LucasWilkinson $2IXEFF iter_cuteds| provider candidates #a
_iter_cutedsl_warmup_compile_units, WUXRBMLEENRN list(set(...)), 1FERBAMELN,

RARBRERA EM.,
« BRAR AT X (design): fRIFERIA False, AP &EE AT B,
- FEFAEM: #EA current_platform (correctness): L EARID, BERANBTERE
torch.cuda; #TF3IE CUDA F & cutedsl_warmup NOERR[E, BT TR,
 MPBOARAME (design): BEXMN, HALZIMAE kernel_warmup.py FIRHA,
- BLREBLEM (style): FERAMELN, RARBRERA LM,

R 5 B

- Afe:
1. FEFEM: fad_cutedsl_config.py A torch.cuda.get_device_capability(), 7E3IE
CUDA ¥ & A4S R%, /EAD cutedsl_warmup 3£ CUDA E#ERE, EHniTREZ
&, BERARERFARTREE,
2. BRAOMERE R ACRFTIGRAD AT RONAR XA, TRE B A EF IR F T, &FE

EYIRFE,
3. BEIETEBEA: L DeepSeek-V2-Lite A, Fk 40 BukEdt 26 ), XNMEERBHZ
R BEARTHEZ,

4. flash-attention FHEIRMRAEH: TTRES|I AHMFEREME R, (BEMAIAFE M
FA3/FA4 ERTHRE, - ®": AP : BRIEHEERE, EERBMENA 26 B
BtE, EEBZFFRE /kernel-config '{"enable_cuteds|_warmup": true}'s &2%: TEA,
{X CUDA FE AR, FRmIlA#IERZ, B provider R A ELHEAM CuTeDSL
kernel (0 decode. MBUVERN) FRRME AT RAELR, RHABR /EELIH, - N
pig: BN EE |, FERENKR , BahetEgmn , BERIAXAE

KRR EE

« PR #46167 [Dependency]: PR body & BABYKR, A PR EF b PR B9kahtaz,



