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PATHRE

« —A)iE: AR IR Z SRS BN CUDA graph, ## backend REAH 7%

- EEDE: EBEIR, X2 MRV2 BB BAN—REZLEMKSH, BOEBEAE=EA: —
Z W backend BEAAEMEMUFEI TR B ERZERIT;, — B RERKBEPIT HREY
(capture-safe. FAGNE) B3 ELMIRAXAAMEEE; = 2EEXMEEEMN E3EFE 7 Hl
—ER4A Wt A/B #3E, HKIA device-bound R TLT A %K=, HA
acceptance-normalized FEATRHERRRAER Tk, F RN E & XE _generate_fused_drafts
BIPEIFIRF S update_draft_decode_metadata BB, LK FA3/sparse SWA BA
3EE o

TN EES BAL

PR body FRFAILEASIHL: #41162 &5 stale attention metadata B9 A RN EE draft FE=E
metadata FEKIEZ CUDA graph, BRIEFMEEHFIANT per-step Python dispatch.
metadata ¥3&F1 CUDA graph launch 8, 1EELRE T A LIREIERE: pre-#41162 fJRA
BR{EA0 metadata refresh WA EIMMEE, HAIEEREF L AR TLHE stale draft
metadata fERE, AEEWE fused PUTHRM T 1K,

%%ﬁ%
: IRHLEMIZES fused BIRFF XS backend BEA TR

AutoRegressiveSpeculator (vlim/v1/worker/gpu/spec_decode/autoregressive/speculator.
py) ¥r3¥ use fused _multi_step decode RS, FHAE set attn() F3iBAn
_configure_fused_multi_step_decode()o ZRIFIZ=AMUERREK: BEXBRANEEXT;
advance_draft_positions=False ML BERSERER (10 Gemma4d MTP) RKAZS., EFEF
B HEAENERETA attention group, REH—/ backend F&E B
supports_draft_decode_metadata_update MEIREIRF|ZR step EETIKIENEZRR, FIT
Ef logger.info_once &,

% 2 % attention backend AR FERIE X

AttentionMetadataBuilder #£2& (viim/v1/attention/backend.py) #3EEBRIA False B9
supports_draft_decode_metadata_update K@M, UKRBRIAM NotImplementedError B
update_draft_decode_metadata(); docstring 3&iFAZ A %R E CUDA graph capture #A18)3f
A, 523 emit capture-safe FHEHFBFERSKERGEITFAG M. AttentionGroup (



vlim/v1/worker/utils.py) 3BEZREAFEEERFARBIARNE— metadata builder,

% 3 % capture 5§ propose @, 52, fused PATHEER

capture() MIBIF X3E3FHIK generate_fused drafts B, _generate_draft; propose() AR
¥3%  fused _multi_step decode B, _multi_step _decode, fused B2 FEMIE—K slot
mappings 2 step=1 # draft attn metadata, FULL X TR run_fullgraph —X; 3k
FULL 8N generate fused drafts, fEHREFHAT generate draft, EHmE—FPNE
#it#E slot mappings FXEA attn group @A update_draft_decode_metadata(), F#&
£ : capture BIEE idx_mapping (EX #48892 & padded £BHAHN -1)

B 4% ¥ backend BANEELIEFE BHRES

FlashAttention (vlim/v1/attention/backends/flash_attn.py) ¥ build() W#) schedule F&
EMA get scheduler_metadata() / _store_scheduler_metadata() FNAE (metadata B
ANFFA buffer B9IEXARE) , #¥ update_draft_decode _metadata() EE FA3 AOT
scheduler metadata; BEAALIRA dep_world_size == 1, DCP 3% R host-side JRE T 8E&E
replay [B1BXZ 44|57 B RHEMR. DeepSeek sparse SWA (
vlim/v1/attention/backends/mla/sparse_swa.py) B update_draft_decode_metadata() F
Triton kernel R EH SWA indices/lens. E# tile scheduler #&% FlashInfer sparse
index cache, Triton Attention 5 Triton MLA FEAXHF (AP #MEXFERESIAFABMA
buffer) » ROCm B DeepseekV4ROCMAIiterSparseSWAMetadataBuilder (
vlim/models/deepseek_v4/amd/rocm.py) BR%XF, F ROCm 4% ragged SWA 3EHfL,

% 5% MiAE XHEEE

tests/v1/worker/test_gpu_autoregressive_speculator.py FrgENER, K=
_multi_step_decode 5§ _fused_multi_step_decode # CUDAGraphMode.NONE/FULL F
_generate_draft B eager A RES run_fullgraph JX#k (fused+FULL A 0 eager / 1
replay, split+FULL 3 0/ 3) ; H#3E FA3 scheduler metadata Jll# 84 IE a5 Bkt ),
docs/design/model_runner v2.md #3¢ Fused Multi-Step Draft Decoding &%, iiBA#H R
AR RAKHES EZRAR,

R

« vlim/v1/worker/gpu/spec_decode/autoregressive/speculator.py (3R #ZAARRD; K5
source; A core-logic; &5 set_attn, _configure_fused_multi_step_decode,
_fused_multi_step_decode, _generate_fused_drafts) : R OEE XM4: #HIE fused £H
FRRL B FF X RSE. capture/propose Q5 T fused BATIEER, AT A PR BWEEH
TZE,

« vlim/v1/attention/backends/flash_attn.py ({3 EE NG £ 5| source; H£KR
core-logic; &5 _get scheduler_metadata, _store_scheduler_metadata, schedule,
update_draft_decode_metadata) : FA3 2 ENEZEIERFTIRAE TEIEH backend: ¥
schedule RIBREMATER A A, H52I update_draft_decode_metadata EE AOT
scheduler metadata,

. tests/v1/worker/test_gpu_autoregressive_speculator.py (13t BTMR; 25| test; £
i test-coverage; 5 test_multi_step_decode_replays_captured_graph_as_expected,



test_update_draft_decode_metadata_updates_fa3 scheduler_metadata,fake_get sche
duler_metadata, test_update_draft_decode_metadata_skips_without_scheduler_metad
ata) : FESEANIRE Z fused/split FMERIZE FULL 5 NONE #RX TH graph
replay JX¥k, WKk FA3 TTHIERIFEIIE RS B 4 %,

« vlim/v1/attention/backends/mla/sparse_swa.py (13t E&E A E3; 25| source; LR
core-logic; &5 update_draft_decode_metadata) : DeepSeek V4 sparse SWA B8 R|#r
SLIMEmEEF: EH SWA indices/lens. EZ tile scheduler, #7&%Z Flashinfer &K 3|
ZFo

« vlim/v1/worker/utils.py (#3 THEZ; 5| source; FEH core-logic; F&
supports_draft_decode_metadata_update, update_draft_decode_metadata) :
AttentionGroup BEZ(EREANF RS RIFRAA, & speculator 584K metadata builder 2
B B BE BB AR A

« vlim/v1/attention/backend.py (#3k SEFE A1/53; KA source; E£R core-logic; &5
update_draft_decode_metadata) : ZEEFE XFHRA:
supports_draft_decode_metadata_update BRIAX #5 update_draft_decode_metadata
BRIAMEFE, EHIATAH backend T RIEETD,

« vlim/v1/attention/backends/mla/triton_mla.py (#3k SEE A J/E3; KB source; A
core-logic; &% update_draft_decode_metadata) : Triton MLA FE B X 3F fused B2 (
3F DCP B) , RiFrAEANZ LI,

« vlim/v1/attention/backends/triton_attn.py (3R SEE A E3; 25| source; LR
core-logic; &5 update_draft_decode_metadata) : Triton Attention = B 375 B9 %X 3,
HAH AR FE S| RFARA buffer, TEBIMF.

« vlim/models/deepseek_v4/amd/rocm.py (FEtk #ERIERS; K5 source; KR
data-contract) : ROCm sparse SWA [E ragged SWA indices/indptrs #&i&EE M E N
A fused B2, #eEYT,

« docs/design/model_runner_v2.md (#E3R &1t XAS; 5| docs; FER documentation) :
#M 78 fused multi-step draft decoding BRI XAY, HEARY. BRAEZGHSZIAR,

XS _configure_fused_multi_step_decode, fused_multi_step_decode,
_generate_fused_drafts, update_draft_decode_metadata, _get scheduler_metadata,
_store_scheduler_metadata

KR BR

vlim/v1/worker/gpu/spec_decode/autoregressive/speculator.py

Ko B #3E fused S ARRLEFF KRR, capture/propose 5 TEM fused HAT
EIR, AEBT A PR X EMITZE,

# vlim/v1/worker/gpu/spec_decode/autoregressive/speculator.py
# KIEE attention backend B9REA, RERZTRBHA fused %3 B,
def _configure_fused_multi_step_decode(self) -> None:
# BERIRAR ZH AR E, B#EXA fused B2,
if self.num_speculative_steps == 1:
self.use_fused_multi_step_decode = False



return

# UEARHEHANERER (0 Gemma4d MTP) REAENEMXTHIE
# AR EAR, ERARTAZLEE,
if not self.advance_draft_positions:
self.use_fused_multi_step_decode = True
return

# REH— attention group X3 draft decode ToERIEE ORI FT,
# MEARERE|ZR step EETURFHNEZ KRR, RIEERAMERL,
unsupported_backends = sorted({
attn_group.backend.get_name()
for attn_groups in self.attn_groups
for attn_group in attn_groups
if not attn_group.supports_draft_decode_metadata_update
)
self.use_fused_multi_step_decode = not unsupported_backends
if unsupported_backends:
logger.info_once(
"Fused multi-step draft decode is not supported by attention
"backend(s) %s; falling back to rebuilding attention metadata "

"between draft steps.”,

, ".join(unsupported_backends),

# B/ CUDA graph RI#IREER post-prefill £ &,
# capture BRIARGEW TS replay REBEERERIT, Python FEMNA.
def generate_fused_drafts(
self,
num_regs: int,
num_tokens_padded: int,
attn_metadata: dict[str, Any] | None,
slot_mappings: dict[str, torch.Tensor] | None,
num_tokens_across_dp: torch.Tensor | None,
cudagraph_runtime_mode: CUDAGraphMode = CUDAGraphMode.NONE,
) -> None:
idx_mapping = self.idx_mapping[:num_regs]
positions = self.input_buffers.positions[:num_reqs]
query_start_loc = self.input_buffers.query_start_loc[: num_reqgs + 1]
attn_groups = (
[group for groups in self.attn_groups for group in groups]
if attn_metadata is not None
else []

for step in range(1, self.num_speculative_steps):
self.current_draft_step.fill_(step)
# BESBUTERER forward + sampling (capture BHEX) o



self._generate_draft(
num_reqgs, num_tokens_padded, attn_metadata, slot_mappings,
num_tokens_across_dp, cudagraph_runtime_mode,
)
# ERE—HREHMAME FHRHBIFT backend Tk ETTEIE ;
# update_draft_decode_metadata() (X @ raEHIKEA, replay B
# H GPU #FEE/ERYF,
if (step < self.num_speculative_steps - 1
and atth_metadata is not None
and self.advance_draft_positions):
self.block_tables.compute_slot_mappings(
idx_mapping, query_start_loc, positions, num_tokens_padded,
)
for attn_group in attn_groups:
attn_group.update_draft_decode_metadata(attn_metadata)

vlim/v1/attention/backends/flash_attn.py

FA3 BENEZEFRIFTRE TEHIEN backend: ¥ schedule RIBEMATER B E, HX
I, update_draft_decode_metadata EH AOT scheduler metadatas,

# vllm/v1/attention/backends/flash_attn.py
# FA3 #9 scheduler metadata 2 position-dependent BIJRAIRZ,
# 1 fused % ERRARRD P AMIRE draft 5 BIRHRIF,
def update_draft_decode_metadata(self, metadata: FlashAttentionMetadata) -> None:
# 3E FA3 3% F scheduler metadata B L ERLE,
if metadata.scheduler_metadata is None:
return

num_reqs = metadata.num_decode_reqgs or metadata.seq_lens.shape[0]

# fused BRZXET DCP K@ (W _init__ ¥ dcp_world_size 113%) ;
# draft decode 184 common_prefix_len=0 3, EWFHEE cascade
assert self.dcp_world_size ==

assert not metadata.use_cascade

# EFiTE AOT scheduler metadata, 35 A¥FA buffer,

# {R1E CUDA graph replay HAl8])#iht45E

scheduler_metadata = self._get_scheduler_metadata(
aot_schedule=True,
batch_size=num_reqgs,
cu_query_lens=metadata.query_start_loc,
max_query_len=metadata.max_query_len,
seglens=metadata.seq_lens,
max_seq_len=metadata.max_seq_len,
causal=metadata.causal,
max_num_splits=metadata.max_num_splits,

)

metadata.scheduler_metadata = self._store_scheduler_metadata(scheduler_metadata)



# 5 build() #£H: EAIFA buffer FEES RIEM, BHRIK
# scheduler metadata #WARRREATME =Y buffer,
def _store_scheduler_metadata(
self, scheduler_metadata: torch.Tensor | None
) -> torch.Tensor | None:
if self.use_full_cuda_graph and scheduler_metadata is not None:
n = scheduler_metadata.shape[0]
assert self.scheduler_metadata is not None
self.scheduler_metadata[:n] = scheduler_metadata
self.scheduler_metadataln:] = 0
return self.scheduler_metadatal:n]
return scheduler_metadata

vlim/v1/attention/backends/mla/sparse_swa.py

DeepSeek V4 sparse SWA BJRIFTSLIRER: EH SWA indices/lens. EZ tile scheduler
, HEZ Flashlnfer B &3 | &5,

# vllm/v1/attention/backends/mla/sparse_swa.py
# DeepSeek V4 sparse SWA 9358 o 33E R -
# ZH SWA lengths/indices. EZ tile scheduler. F{# Flashinfer B &3 &5 LK,
def update_draft_decode_metadata(
self,
metadata: DeepseekSparseSWAMetadata,
) -> None:
if metadata.num_decode_tokens ==
return
assert metadata.query_start_loc is not None
assert metadata.seq_lens is not None
assert metadata.token_to_req_indices is not None
assert metadata.is_valid_token is not None
assert metadata.decode_swa_indices is not None
assert metadata.decode_swa_lens is not None

# R EHE SWA K3 FKE; % Triton kernel @R CUDA graph capture
# BAEITE, replay REEERIT, FXEE| Python,
_compute_swa_indices_and_lens_kernel[(metadata.num_decode_tokens,)](

metadata.decode_swa_indices,

metadata.decode_swa_indices.stride(0),

metadata.decode_swa_lens,

metadata.decode_swa_indices.shapel-1],

metadata.query_start_loc,

metadata.seq_lens,

metadata.token_to_req_indices,

metadata.is_valid_token,

metadata.block_table,

metadata.block_table.stride(0),

self.block_size,

token_offset=0,

TRITON_BLOCK_SIZE=1024,



)

# T draft 2BH tile scheduler EEE H K.

tile_sched = self.build_tile_scheduler(metadata.num_decode_tokens)
metadata.tile_sched_swaonly = tile_sched[ LAYER_TYPE_SWAONLY]
metadata.tile_sched _c4a = tile_sched[ LAYER_TYPE_C4A]
metadata.tile_sched_c128a = tile_sched[ LAYER_TYPE_C128A]

# review FAMBERR: ZEERE _forward PHEN, REZES

# ERFE PN stale ARSI, FRELERTHER,

metadata.flashinfer_sparse_index_cache.clear()

PR AL

Review MR BEEFAEIEMMS BARIT: TheEpicDolphin XKL backend &A1&
fused 42, $8H FlashAttention B scheduler metadata & position-dependent 8, 7
draft fE3RF 4L stale: EE VL supports_draft_decode metadata_update ¥ & 3&EEEE R,
B E 7 —RELEMMSRE—Flashinfer_sparse_index_cache K& draft # B &] %k 3%
, VEEANIZIRSE  forward M3E builder F SRR, 5 —NERERE
cudagraph-safe: FA3 cascade B prefix_scheduler metadata Frt 2R EME|ERAL LG
Bk, RITEME, reviewer EIXBBRITEXH enable_fused_decode graph BLE flag (1F#
B , FHRIXNATF update_seq_lens 98 (HEEARIFNEX B A BHEERSL)

« A backend BEA114R fused B&12, # % stale JRAETHIE (design): @t
supports_draft_decode_metadata_update & backend BB, F—R XN BAKERT|ZFE
step EEIZ,

« flashinfer_sparse_index_cache £ %35% 3K stale ##i &3] (correctness): 7
update_draft_decode_metadata() KEHA metadata.flashinfer_sparse_index_cache.cl
ear()o

- BLE flag enable_fused_decode_graph & XE (design): fEEMBKR T 2 AT ECE LN,
fused B&1252 4 backend RES B #hikdF,

« FA3 cascade By prefix_scheduler_metadata XL MMIEIE cudagraph-safe
(correctness): #F cascade 4%, B not metadata.use_cascade,

+ update_draft_decode_metadata & ZRIE CUDA graph capture &4 (documentation):
3 docstring #*MNE LR MM FUER capture-safe #fE, BEHRASKE D TIFXREAE,

« FEO44E: update_seq_lens vs update_draft_decode_metadata (style): 1R &
update_draft_decode_metadata 4%,

R 5
« Qe
1. WPRIAERAMERFR: fused BRIZEENERMAEILFFIZE— CUDA graph, 1EfTH
backend 7 forward FIRAE. RAANRIFTIMIXA TTEHIEER S E replay B stale, 4 PR
review BEXMHBE flashinfer_sparse_index_cache —4t, 1B audit @R REHFEHR
B BURAS (I ROCm ragged SWA BiskiER, ENBERENZA) .



2. DCP #Ef: FA3 BEN{LREZRED A dcp_world_size == 1, ETFXHITT fused BZEAK
KR, RRBRAERITEEN replay-safe RIFHER,

3. NESHIRHE: BEAEFR—KERSILFHIKE graph buffer B X, capture BFEI 5 2%
S A LA device-bound ZE FURE RHE,

4. fTRE O _fused_multi_step_decode #E3E FULL A AME fused &FF (reviewer PR
HER) ., B%WE eager BIZRAMFERHEZHMRLENAR, MRAXEE FULL 5§ NONE
FAAMERIE, - P XA : MTP #&HUE host-bound f1%k () TP, EH4%. KE
f88%) T4 scheduler step B graph launch M 4 >RF&%| 3 Jk, draft propose CPU
FFE4 T B4 50%, profiler step CPU span T 29%; device-bound EZ&ARS (H100
8x80G m# &) ITL 5§ acceptance ML AL, WAL : MRV2 ZHAEL TR
MR GH—A graph”Z R EHEIX—A graph”, > Python ] dispatch 5
metadata ¥3&, XHIFPA: 3L backend BE 4B Y], FrA attention backend (&Fk
SEFr3E) #H;FEFEH supports_draft_decode_metadata_update FARIE
update_draft_decode_metadata() B capture-safety, 3T backend EE KA, -
RFEFRIT: OB TE | cudagraph 1HIREAZE |, backend hiX¥ & , DCP 4% HE
&, MEBEULZSEIKEL host-bound 3Z &

PRINSZS

« PR #41162 Fix stale draft attention metadata: PR body BA#5| H: % PR {8 & stale
attention metadata {B3| N\ per-step graph EZEFF4H, A PR EHER FI&KE fused
multi-step graph $4T, BEZFERIERKMH.

« PR #48892 Persist padded idx_mapping entries: commit 0fedff4 {34 PR &
capture BIZE idx_mapping, EA #48892 Z & padded idx_mapping FHA A -1,

« PR #50493 [Kimi-K3] support DCP partial prefix cache hit: El/& MRV2 E&42#) DCP &
#; AN PR EA#E DCP A RHMRE fused B4R (supports_draft_decode_metadata_up
date = dcp_world_size == 1) , —# & DCP uHIERIFEE £ TN,



