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PATHRE

« —4)3E: BB MTP spec-v2 ENLEMFEE, GPU FIAE 67% AE 95%

- WESME: EEKILZ, INES: @ X event_loop_overlap / FutureMap EAL run-ahead
B QAT R IZAE SGLang CUDA-graph JREMRZNMLEMEL; @ SANKEHIHRL = =R B
byte-identical i£1E, ZMEERATIRIKMEINTES; @ review FIMBM plan-stream T
YLEA R WA /| mE KRB IIARF R, EEEARSKRERE; @ fail-loud (
NotImplementedError) 5 & 3132 E:3R B9 ERE R,

THRES B

spec-v2 overlap AE T, B E draft / verify / extend =/~ CUDA graph 48X,

graph Z|& % eager “seams” (accept sampling. cache-slot Q' Be. FEATEHIFEEE. T
—3 draft MINEE) . event_loop_overlap 1R#i‘host loop time < GPU step time 4 RE£EF
run-ahead, 1BWEIEH host FHEIBENENFTEE GPU B2 : KDA 2&H
needs_cpu_seq_lens = True §24%&#% fwd_prepare_d2h_stream.synchronize() (bs=1

MTP M L2y 0.5 ms/step) ; 'RAEBEEBEL verify BPHFRRESHE bs x
max_context_len B9 mask; verify FUEE EN LML seq_lens + draft_token_num;

mamba replay-prep &% 5-7 )X aten dispatch, PR body 3&i8“The host seam is a serial
chain — single-point savings do not add up”, &ZFTEEMR; XERFIKE 4xB200 TP4
B9 bs=1 MTP fRfLERR, T4 GPU RIAEMN 67% 3| 95%.

SCEL AR

ZTE NHE spec-v2 FAET hybrid-linear MTP 8§ CUDA-graph B35 verify TEF LR E
B2, B —RER—ANTMLEERIALA 4 TR 2 DNFTIR S

1. % KDA Ja3mty&E seq_lens D2H FARZE R (python/sglang/srt/layers/attention/line
ar/kda_backend.py) : A KDAAttnBackend FEBAZEJE M needs_cpu_seq_lens = False,
AR B FutureMap B9 decide_needs_cpu_seq_lens iZHR, JRIE resolve_seq_lens_cpu
L EER fwd_prepare_d2h_stream.synchronize(), Z&MWIEET: £=F
MambaAttnBackendBase B KDA Jo#k#EMA L spec-v2 B seq_lens_cpu 5%
——replay padding B forward_batch.num_padding, replayssm track-flush mask
B# not is_kda [ 1#%; GDN / Mamba?2 / ShortConv %% faisE B2& False, # spec-v2
Jaim&kEH) OR T{R$F False, X HMELE ZrEXBE R EER, BHELTEER.



2. T3 verify & 48T &£ plan-stream T (python/sglang/srt/layers/attention/hybr
id_linear_attn_backend.py) : MambaAttnBackendBase 523,
update_verify_buffers_to_fill_after_draft——topk > 1 B cuda_graph_bs JE==8t, 38
EagleVerifylnput 8 retrieve_next_token / retrieve_next_sibling E¥#£3# per-bs
captured 24 ; topk <= 1 (chain #xR) . eager %42 (cuda_graph_bs A None) .
dummy / capture 54T (retrieve_next_token A None) 34 no-op, X=Z review F &,
BIIERMERE : _replay_metadata £ plan L NEEESS compute R build_tree
T, ZTEIS replay IEASEREE, HybridLinearAttnBackend #7138
get_verify_buffers_to_fill_after_draft (F#E full-attn F/a3%, KMEMFREFE mask) Fo
update (LB NTFEH, REMERE fail-loud NotImplementedError) , 3RE:
draft \MEEE S captured verify &, 433 bs x max_context_len B mask 2 ELE %k,

3. B#& uniform verify-prep cache-locs W#% (python/sglang/kernels/ops/speculative/cac
he_locs.py 5§ python/sglang/srt/speculative/eagle_utils.py) : #3g
assign_extend_cache_locs_uniform / assign_extend_cache_locs_uniform_func, verify
FUEEATIS T B draft_token_num AN token, end offset & kernel RE A start +
draft_token_num, IR EIER pid x draft_token_num, &BEFEN3E seq_lens + N
BBt EAr O(bs) BT prefix-sum Hn#k, eagle_prepare_for_verify £]#2%| uniform &
{K; NPU / CPU [EI3R%| end_offset (kESEEIZ; IEHAAHA A move_accept_tokens &
FRAZ,

4. Fh& mamba replay-prep state-indices 8 (Fr3g
python/sglang/kernels/ops/mamba/mamba_state_indices_triton.py)
fused_replay_state_indices H#.X triton launch 588X mapping gather + -1 P& + 5H#S
Ed HRFSEEEE req_pool_indices padding T BIBIWER. _replay_metadata 7
_fused_state_indices_ok (CUDA + &7 hybrid 8B v2p B1i# A1ES) H replayssm %
At EBREE42; unified M / replayssm / 3E CUDA £REE, fTAMNEARE, 5 FH
dispatch M 5-7 JXF&%| 1 X launch,

5. MRS IEEE: FE test _fused_replay_state_indices.py (guard-padded &4 trté&
N vs BERMI KT, bs € {1, 2, 7, 32, 33} x num_padding 133 x 3 seeds, B&
G mapping. -1 HE. FEEERAESMBAKRI) F2 test_verify_buffer_fixup_hook.py

(fixup #FRIFT 5L no-op %) . e2e & H20-3e. tp=4 IIF Qwen3.5-35B-A3B +
NEXTN MTP (GDN J&&, BESE 2-4 7) 5 Kimi-Linear-48B-A3B (KDA, BE% 4 M
fused replay) #id byte-identical, spec_verify_ct 84—3k; CI 3t
base-b-kernel-unit 5§ base-b ME&,

R

« python/sglang/srt/layers/attention/hybrid_linear_attn_backend.py ({3 SIE A G4,
5| source; ER core-logic; &5 update_verify buffers_to_fill_after_draft,
get_verify_buffers_to_fill_after_draft, fused_state_indices_ok, _replay_metadata) :
A PR WAL U4 : MambaAttnBackendBase #7138 fused_state_indices_ok [1i85
_replay_metadata ¥ launch &2, 523 plan-stream HHEEREE fixup 5 ;
HybridLinearAttnBackend #13& get / update_verify_buffers_to_fill_after_draft #%, 4
MR&E mask R EHEEES,



- python/sglang/kernels/ops/mamba/mamba_state_indices_triton.py (13 Mamba K%
; K5 source; EA core-logic; &5 _fused_replay_state_indices_kernel,
fused_replay_state_indices) : #TEHIRAE AL € _replay_metadata By 5-7 >k aten
dispatch BEREE A HE R triton launch, HRIFEZE padding ITHXREIER, 2% 4 ML
B ERAR

« python/sglang/srt/layers/attention/linear/kda_backend.py (#i& KDA ja3%; K5
source; A core-logic; &% needs_cpu_seq_lens) : —{TE M= BH
needs_cpu_seq_lens = False SEREH 4 0.5 ms BIFAE D2H [F¥, % 1 Jfbse
ERIRAL LB, BEAK spec-v2 run-ahead,

- python/sglang/kernels/ops/speculative/cache_locs.py (AR FAAKL; KB source; £
A core-logic; 5 assign_extend_cache_locs_uniform,
assign_extend_cache_locs_uniform_func) : #3¥¢ assign_extend_cache_locs_uniform
WH%: end offset 7 kernel WitH. #HImRFEEEAN pid x draft_token_num, EE&
eagle_utils.py AR R, JHIR verify FUHREM ENIRRS I,

« python/sglang/srt/speculative/eagle_utils.py (#£3R IZALIEIE; 5| source; HEKR
core-logic; 5 eagle_prepare_for_verify) : eagle_prepare_for_verify ¥]1# A
uniform cache-locs &, #EXEFHI#E seq_lens + draft_token_num #1k, =% 3 AL
1B A =

. test/registered/kernels/ops/mamba/test_fused_replay_state_indices.py (#E3k RAZN IR
: 25 test; LR test-coverage; &5 _reference_chain,
TestFusedReplayStatelndices, _run_case, test_matrix) : L& 5ENR: BENZ vs
2% aten 87 guard-padded &b FHRMA XY, BEIE 2 WERY. BERERSHAE
RIF, ZEREE RAZIER AR,

- test/registered/attention/unittests/hybrid_linear/test_verify_buffer_fixup_hook.py (&
B EIRMR; KB test; A test-coverage; 45 _make_backend,
_make_verify_input, TestVerifyBufferFixupHook, test_refresh_overwrites_stale_links) :
fixup WFRTHRANR: BERIFTEE stale §3E. chain / eager / dummy / 3E
Eagle 3 Af&FF no-op, A plan-stream EAME £ 124t # TR EYI R,

XEEFE: fused_replay_state_indices, fused_replay_state_indices_kernel,
assign_extend_cache_locs_uniform, assign_extend_cache_locs_uniform_func,
update_verify_buffers_to_fill_after_draft, get_verify_buffers_to_fill_after_draft,
eagle_prepare_for_verify

RPERAD B

python/sglang/srt/layers/attention/hybrid_linear_attn_backend.py

A PR #ZWIRAL X4 : MambaAttnBackendBase #7138 fused_state_indices_ok [ 11785
_replay_metadata # launch HRE4/2, 523 plan-stream HEEEIE fixup $F;
HybridLinearAttnBackend #73& get / update_verify_buffers_to_fill_after_draft ¥ %, EF
HF¥ mask R EHBEES.

# python/sglang/srt/layers/attention/hybrid_linear_attn_backend.py
# replay_metadata: X CUDA-graph replay BIRI# per-bs state_indices_list.,



if self._fused_state_indices_ok and self.replayssm_write_pos_list is None:
# ¥ launch BEB42: mapping gather + padding & + BABESET,
# 55 EHMNR—IK (BFZE req_pool_indices padding {THEIEA) .
mamba_indices = fused_replay_state_indices(
req_pool_indices=req_pool_indices,
mamba_index_mapping=(
self.req_to_token_pool.req_index_to_mamba_index_mapping),
out_state_indices=self.state_indices_list[bs - 1],
valid_bs=bs - int(hum_padding),
total_bs=bs,
)
else:
# 5EH: unified t (v2p FE1EZ) / replayssm / 3 CUDA 1R¥FRIE X,
req_pool_indices[bs - num_padding:] = 0
mamba_indices = self.req_to_token_pool.get_mamba_indices(req_pool_indices)
mamba_indices = self._translate_mamba_indices(mamba_indices)
mamba_indices[bs - num_padding:] = -1
self.state_indices_list[bs - 1][:len(mamba_indices)].copy_(mamba_indices)

# MambaAttnBackendBase.update_verify_buffers_to_fill_after_draft:

# plan-stream EAMEE, _replay_metadata 7 plan JiE# I draft = HE9RHEESE,
# 25 compute LB build_tree &% i join EoMEF, TN replay THEAEEEE
# SEBRIMIT GDN / KDA WIIE (review X I IERM ) ,

def update_verify_buffers_to_fill_after_draft(self, spec_info, cuda_graph_bs):
if self.topk <= 1 or cuda_graph_bs is None: # chain #=, / eager %432
return
if (not isinstance(spec_info, EagleVerifylnput)
or spec_info.retrieve_next_token is None): # dummy / capture 3&4T
return
bs_without_pad = spec_info.retrieve_next_token.shape[0]
self.retrieve_next_token_list[cuda_graph_bs - 1][:bs_without_pad].copy_(
spec_info.retrieve_next_token)
self.retrieve_next_sibling_list[cuda_graph_bs - 1][:bs_without_pad].copy_(
spec_info.retrieve_next_sibling)

python/sglang/kernels/ops/mamba/mamba_state_indices_triton.py

PR A NAZ: 1B _replay_metadata B4 5-7 2R aten dispatch ggt-& A E#K triton launch
, FRFEZE padding fTHXEEIER, &% 4 TUAMLAI TR,

# python/sglang/kernels/ops/mamba/mamba_state_indices_triton.py

# 38 _replay_metadata B 5-7 )X aten dispatch B95E4E:

# &ZE req_pool_indices padding T -> mapping gather -> v2p #1i% (FAMIES)

#-> -1 & > copy_ #HE@SEH

# BhEAREOR triton launch, SERREN NS KT

@triton.jit
def fused_replay_state_indices_kernel(



req_pool_indices_ptr, # (total_bs,) intb4, &7 replay £
mamba_map_ptr, # (reg_pool_size,) int32, req &35|%| mamba & pst
out_ptr, # (total_bs,) int32, state_indices_list[bs - 1]

valid_bs,

total_bs,

BS_UPPER: tl.constexpr,

# BS_UPPER £ next_power_of_2(total_bs), 3 2 B9ERT% in_range R
offs = tl.arange(0, BS_UPPER)

in_range = offs < total_bs

valid = offs < valid_bs

req = tl.load(req_pool_indices_ptr + offs, mask=valid, other=0)

idx = tl.load(mamba_map_ptr + req, mask=valid, other=0)

out_val = tl.where(valid, idx.to(tl.int32), -1) # padding T8 -1 ¥
tl.store(out_ptr + offs, out_val, mask=in_range)

# RIFSEEEER: X req_pool_indices B padding 4T,

# captured NZSEIZEFH gather, JBEE R LR BN IEEFTHF.
zeros = tl.zeros([BS_UPPER], dtype=req.dtype)
tl.store(req_pool_indices_ptr + offs, zeros, mask=in_range & (~valid))

def fused_replay_state_indices(
*, reg_pool_indices, mamba_index_mapping, out_state_indices,
valid_bs, total_bs,

# A F IURIE v2p BIFRIESF ST (B hybrid ) ;

# unified WD EC RN FAEFIERL gather, RIMESEEE,

_fused_replay_state_indices_kernel[(1,)](
reqg_pool_indices, mamba_index_mapping, out_state_indices,
valid_bs, total_bs,
BS_UPPER=triton.next_power_of_2(total_bs),

)

return out_state_indices[:total_bs]

python/sglang/kernels/ops/speculative/cache_locs.py

138 assign_extend_cache_locs_uniform W#%: end offset 7 kernel NitE. Mt R EE
A pid x draft_token_num, Bié& eagle_utils.py 1A S8#, 4R verify FEEM T HIH RS
%

# python/sglang/kernels/ops/speculative/cache_locs.py

# uniform TIKR: verify FURBRZRSI/TIEIFY B draft_token_num 4™ token,

# Frbd end offset = start + draft_token_num EL3:E kernel RE,

# W RFE = pid * draft_token_num, &EEEAIE seq_lens + N IFIKE

# FnEE4T prefix-sum Nk,

@triton.jit

def assign_extend_cache_locs_uniform(
req_pool_indices,
req_to_token,



start_offset,

out_cache_loc,

pool_len: tl.constexpr,
draft_token_num: tl.constexpr,

BLOCK_SIZE: tl.constexpr = 64
pid = tl.program_id(axis=0)
kv_start = tl.load(start_offset + pid)
token_pool = req_to_token + tl.load(req_pool_indices + pid) * pool_len
out_cache_ptr = out_cache_loc + pid * draft_token_num
offs = tl.arange(0, BLOCK_SIZE)
for i in range(tl.cdiv(draft_token_num, BLOCK_SIZE)):
o = offs + i * BLOCK_SIZE
mask = o < draft_token_num
data = tl.load(token_pool + kv_start + o, mask=mask)
tl.store(out_cache_ptr + o, data, mask=mask)

# assign_extend_cache_locs_uniform_func R¥|ErF & :
# CUDA / HIP / MUSA / XPU £ E®H# triton RAX;
# NPU / CPU EI3R 3| end_offset skE S H42 (assign_extend_cache_locs_func) o

TSR A

BORERA—, H— (E#AM) : JustinTong0323 FgH hybrid_linear_attn_backend.py #
MambaAttnBackendBase.update_verify_buffers_to_fill _after_draft &# A ZE 52, (pass)
, M _replay_metadata &7 plan #_EE draft /= HE retrieve_next_token /
retrieve_next_sibling A\ captured &4, %&£ draft REKR——FHFS replay T EABEE
, BFERIEIR GDN / KDA MISIE; ZEDUR join EEF#FIFAM plan-stream FF &I UNIIR
yuan-luo EZHEZMER (commit 4710e23) , 1B¥% plan-stream e2e JUkIER B L1800
Bk, = (&%it) : BBuf ZIIEREER triton kernel # 3] sglang/kernels, yuan-luo 7
BAIER b908e693 KT (kernels/ops/mamba/mamba_state_indices_triton.py) o
« plan-stream MEHETLS: fixup WTFFAREANZ LI (correctness): yuan-luo REFHFER
4710e23 SZIMEREMBE, I test_verify_buffer_fixup_hook.py BERI¥ 5% no-op &
¥; plan-stream e2e IURE Y RITEE RN RIE, #REELTH plan-stream HNEK,
. triton RAAALE . ZEiIXFE A sglang/kernels (design): yuan-luo BE4b3E, FRAER
bq08e693 S HAZIEN kernels/ops/mamba/mamba_state_indices_triton.py, F @ &3
MR F N

R 5 o
o XS
1. plan-stream EAMEE T e2e BE: fixup BWFRB R join EEFE W RAIRF, LT
Cl %K plan-stream-on + tree-verify hybrid B2&, [EY3R g5 & 50MR K.
2. BARAZBIIIBRIE: _fused_state_indices_ok 1RK#EEZA hybrid B
translate_mamba_indices RIEEE (type tbiR) , AREFREEFFZHELBRE



NS (Z2BLE) ; BMEAZERAEZ req_pool_indices padding 4T, captured
AR BF—NIRAA guard-padded &HE %,

3. needs_cpu_seq_lens = False BIRTE&M: KDA JToH#IELRIAIEL seq_lens_cpu H&,
= BT IR BB R SFE R R

4. uniform cache-locs BRIXETY BKEAR, RAT eagle_prepare_for_verify; NPU
/ CPU E£EIBRER/Z, FERBZEFRA,

5. KBEPEMIL (bs=1 B/ batch) § MTP &, BHLAZRAMR; HEFRZTHERK
# tp=4 H20 B9 byte-identical BiF, Blackwell bundle-level A/B k%4, - Bw:
FFM: hybrid-linear (GDN / KDA) & E& NEXTN / MTP EH LT TPOT B&F
T, MTP & GPU RIAEM 67% 1#AF| 95%; T APL/ flag / REZE, 3
hybrid. NPU / CPU. unified #i. replayssm BEE¥EREBRAMNELT, R%M:
spec-v2 EBIFEH run-ahead REMWRE, verify CUDA-graph 75 TF—A
draft_extend E&, HIRAMI: B BATEFRSTITEER M ZW, ALKEITELMR
FRA KRB IS AT A ; A PR & hybrid-linear #iAt Z5B—F 4, Blackwell
bundle-level TPOT A/B E&4RE, - NFARID: BORBREATE | HRIAZST e2e &
= MARKREERSHEBIR , ZRAEREFRA , BIER TR FZMIR

KRR EE

« PR #32589 [Nemotron] Hoist mamba track-mask host syncs out of the per-layer
prefill path: [E2& hybrid_linear_attn_backend.py 5 mamba JT#IERZ, FBEERIEN
F#. #&F decode/prefill Zr"HIEREEAR, 54 PR #9 mamba replay o IEHRALRE —

« PR #33098 Fix DSpark and DP/EP: [I’A speculative-decoding BRZMIEFIERBE, H R
spec-v2 draft T IEEEE, 54 PR 8y verify TTEIBES fixup #FkshbT B —3haELk,

« PR #32575 [mem_cache] Build empty-prefix last_loc sentinel on-device to avoid
per-call H2D sync: R B LS RARANEN - RERL N BARNHML, 54K PR Bk
D2H FEER BB —3K, =L ENEZA M AR @R R,



