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[Kernel][Perf] Add fused CUDA post-conv MTP decode kernel for Qwen3.5 GDN
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JRSCEERE: http://prhub.com.cn/vlim-project/viim/pull/5167 4

PATHRE

« —A)iE: @& GDN MTP decode W#%, ARFLIERFEMR 1.2x-2.2x

- WESME: EERIEL, AHESXITRNAERLS attention kernel TR, (EIFFTHIZ
THRREFE: B kernel BRAESLR decode BERMEE (B5XF mixed-batch @&) . £F
num_accepted_tokens 8 state rewind &8 X. AR EITBRIAER vs B raise BB
BRBE, MUKRIEH custom op BEREICA piecewise CUDA graph split boundary B%Ri%
£ %, review H%TF CUDA graph padding 5 torch.zeros BiTi8 B E MME, TLES
csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu 5
tests/kernels/test_fused_gdn_post_conv.py XtH& [k,

TN EES BAL

PR body ER#3E B MEEE#RFN: During MTP decode, the Triton path launches a chain of
small kernels per step (gating, delta-rule recurrence, state rewind/update, gated
RMSNorm), which leaves the GPU latency-bound at decode batch sizes, ¥ Blackwell L
MTP ZHRRL S £1T RN Z AN kernel, GPU & TFIERZIRRS, MEERIIREE S
FANE 1.17x-2.20x, B BS=4-32 /|\ batch RalUkz@ &K, IERIZHARD L PRITiTHYZER K
R X 8],

SCENAFAR
SEIEAT 5 N RHAR:

1. ¥r3gRl& CUDA RAX: csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu #r3g
gdn_decode_post_conv_mtp_kernel RN, X3F BF16/FP32 Fft recurrent state,
/" block faE—"MERB— value head, T num_accepted_tokens ERF| &G —
NEIEEZH state slot, BXES 8 A draft token FHAT gated delta-rule recurrence
, EJE—3¥H 5% gated RMSNorm epilogue; kernel NERA cp.async XEHinE state.
warp shuffle 34, ZRZ R cp.async o BF16 #%, EMEFXFRE SM100 3%
53| SM80+, CMake MFF Bz 8 FUSED GDN_DECODE_ARCHS/FUSED _GDN_DEC
ODE_SRC/VLLM_ENABLE_FUSED_GDN_DECODE (&i#JR it
FUSED KDA _DECODE_* THE%) .

2. 0p BEBAS4RE: csrc/libtorch_stable/ops.h BEER fused_gdn_decode_post conv_mtp,
csrc/libtorch_stable/torch_bindings.cpp #£ VLLM_ENABLE_FUSED_GDN_DECODE F
52RR def 5 impl, vlim/_custom_ops.py ¥MME4 Python %



fused_gdn_decode_post_conv_mtp, BRIA scale=128**-0.5. norm_eps=1e-5,

3. BAE dispatch 54FR KL : vlim/model_executor/layers/mamba/gdn/qwen_gdn_linea
r_attn.py Z#Wka) (+303/-4) . __init_ B VLLM_GDN_DECODE_KERNEL (BRIA
cuda) , ¥ fused gdn_decode unsupported reason £HRIELAR (JE interleaved
GQA. K=V=128. SiLU gating. BF16 #&#&_  BF16 conv state. BF16/FP32 recurrent
state. CC8.0+. op B%iF¥) ; ERNRE cuda F#ELARR raise, BRIAEN ER
Triton 3 logger.info_once, forward_cuda 3&4n use_fused_gdn_decode 4%, EHiFE+E
packed custom op qwen_gdn_attention_core_fused _norm_packed (A8 split
a/k/v/z/bla) . spec-decode B&IZ#F3IE forward_core_decode_spec fused norm (4
causal_convld_update & rewind) #a _forward_core_decode_spec_post_conv_fused_n

orm (i fused kernel) , can_use fused _gdn mtp_decode ¥|ZE 4 spec-decode.
num_v_heads == 8 * num_k_heads. MTP tokens 378X 8 &4, i EREBIAKER
Triton,

4. RiFEKRE CUDA graph #5: vlim/config/compilation.py &
vlim::gwen_gdn_attention_core_fused_norm_packed fu A
CompilationConfig._attention_ops, 1EH KA piecewise CUDA graph # split
boundary——% 0| torch.compile £%1R trace % op HI3E4THS dispatch 5 state R E
¥1, B3R CUDA graph #3%,

5. MR E5BE: Y tests/kernels/mambal/test_gdn_fused_mtp.py B ZERERIZK
dispatch (pure MTP i fused. mixed/prefill/decode EI:R) #5 Triton reference &RE
ttb; tests/kernels/test _fused_gdn_post _conv.py ¥ &
test_fused_gdn_decode_post _conv_mtp ratio8 f kernel ZE(ESH (X L2 < Se-4.
state atol/rtol 3e-2) , &% TP4/TP16. BF16/FP32 state. ragged acceptance t&ER;;
tests/test_envs.py #3¥ test_gdn_decode_kernel env &% env BAEE IR ;
tests/compile/test_config.py ¥r3gr = #atRET op BRIABILAE splitting_ops F,

SEHEE: commit d78b330b E&FKF mixed-batch BEKIIZ (FE
spec_token_prefix_len metadata #7 prefix-slicing, Wkz5/]\) , commit 38a1c179 BE7T
rebase PR FEK a_spec/b_spec gating #EZHEYI, commit c33dbbaa ¥ env XA
VLLM_GDN_DECODE_KERNEL={cuda,triton} #}BkIA cuda,

R

« vlim/model_executor/layers/mamba/gdn/qwen_gdn_linear_attn.py ({3 XMEFEA;
2% source; ER data-contract; &5 _fused_gdn_decode_unsupported_reason,
_forward_core_decode_spec_fused_norm, _forward_core_decode_spec_post _conv_fus
ed_norm, _forward_core_fused_norm_packed) : 2 WAES dispatch ZBEFTEM:
fused BRIZMAFARLEE. forward_cuda %, spec-decode fused norm A #m
_can_use_fused_gdn_mtp_decode HIZE, ZEA PR BZhEEF & FAX,

« csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu (13 Bh&WAZ; EF| source;
2K A core-logic; %5 gdn_decode_post_conv_mtp_kernel, copy_state_chunk,
warp_reduce_sum_pair) : ¥EHIRERES CUDA WAEAIK (557 4T) , ZE/ PR B9MEgEk
JR: FEEOR kernel launch W5ERX gating. delta-rule recurrence. state EIR / EFr5
gated RMSNorm, 3 #F BF16/FP32 state 2 SM80+,



« vlim/_custom_ops.py (#£3k BE XEF; £5| source; EH core-logic; &5

fused_gdn_decode_post_conv_mtp) : #3E fused_gdn_decode_post_conv_mtp Python

mix, REAERA CUDA op BIE—AH, G—5EINF 5 BRINME,

viim/envs.py (#E3k FFIRECE ; £A| source; FEA configuration; F5

VLLM_GDN_DECODE_KERNEL) : 3 VLLM_GDN_DECODE_KERNEL ¥} fEEE (BRIA

cuda) , RFE GDN MTP decode #£&t& CUDA WAL Z Triton B2, ZRAFPMME—TF %,

. csrc/libtorch_stable/ops.h (13 H-FHEBH; K5 source; EA core-logic; &5
fused_gdn_decode_post_conv_mtp) : EEAFTEY CUDA op #0O, 5 torch_bindings.cpp
HEZK C++ B3EM,

« csrc/libtorch_stable/torch_bindings.cpp (3R EF48%; % source; 2R core-logic)
: £ VLLM_ENABLE_FUSED_GDN_DECODE & T 5%/ op BIE X5 CUDA SZM4FE,

« vlim/config/compilation.py (3R %RiZEE; 55| source; £ core-logic) : L
vlim::qgwen_gdn_attention_core_fused_norm_packed i\ attention ops 7%, RiE
piecewise CUDA graph IE#IFA. A4 torch.compile trace,

. tests/kernels/mamba/test_gdn_fused_mtp.py (FE3k EEMR; K5 test; LR
test-coverage; 5 _TestGatedNorm, _make_vlim_config, _build_layer,
test_fused_forward_uses_packed_entrypoint) : F3gGagAER BRAZ LMK . B8IELh MTP £
fused ANE. mixed/prefill/decode EIR Triton, }ZEEXNtLEESI, ENREEMMENT
Z IR,

. tests/kernels/test_fused_gdn_post_conv.py (#i3k WAZMIR; 25| test; LR
test-coverage; {45 test fused_gdn_decode post_conv_mtp_ratio8) : ¥ & kernel %&
FAESMMR test_fused_gdn_decode_post_conv_mtp_ratio8, &% TP4/TP16.
BF16/FP32 state. ragged acceptance #£3\,, ZXH Triton reference B9 W IRE,

. tests/test_envs.py (3R FRTMIR; KA test; FEA test-coverage; F5
test_gdn_decode_kernel_env) : %% VLLM_GDN_DECODE_KERNEL BERIAME. &IEEX
5 IEEBEREE.

. tests/compile/test_config.py (#3k ZmiFMIR; K5 test; ER test-coverage) : Hr3GhT
S HARHT custom op BRIAHILE splitting_ops F, FFERFREMBEIR piecewise CUDA
graph ByIFRAF,

« CMakelists.txt (#£3k ¥WEBA; 35| infra; 2% configuration) : ¥ZEBE: A fused
GDN decode kernel 323 8 arch 7| &5 %%F %R, #HES5 Kimi-K3 KDA RAZE arch
S EMHE,

XS fused_gdn_decode_post_conv_mtp, _fused_gdn_decode_unsupported_reason,

_forward_core_decode_spec_fused_norm, _forward_core_decode _spec_post _conv_fused
_norm, _forward_core_fused_norm_packed, _can_use_fused_gdn_mtp_decode,
_rms_norm_gated_cuda, test_fused_gdn_decode_post_conv_mtp_ratio8,
test_fused_model_path_matches_reference

R R B

vlim/_custom_ops.py



3 fused gdn_decode _post _conv_mtp Python &%, 2R EZRA CUDA op HyrE— A O
, Z—2ENF 5 BRIAME,

# SPDX-License-Identifier: Apache-2.0

# vllm/_custom_ops.py FH#3EH Python Il &%,

# %— fused GDN MTP decode BIALIMF, FH % out/scale/norm_eps $RAEERIAE,
# ft gwen_gdn_linear_attn.py B spec-decode fused B2 E#EEA.

def fused_gdn_decode_post_conv_mtp(

mixed_gkv: torch.Tensor,

a: torch.Tensor,

b: torch.Tensor,

A_log: torch.Tensor,

dt_bias: torch.Tensor,

state_indices: torch.Tensor,

cu_seqlens: torch.Tensor,

num_accepted_tokens: torch.Tensor,

state: torch.Tensor, # recurrent state, kernel RJR & Hr

output_gate: torch.Tensor, # gated RMSNorm # gate #A\

norm_weight: torch.Tensor,

out: torch.Tensor | None = None,

scale: float = 128**-0.5,

norm_eps: float = 1e-5,

) -> torch.Tensor:

if out is None:
out = torch.empty_like(output_gate)

torch.ops._C.fused_gdn_decode_post_conv_mtp(
mixed_gkv, a, b, A_log, dt_bias, state_indices, cu_seqglens,
num_accepted_tokens, state, output_gate, norm_weight, out,
scale, norm_eps,

)

return out

i B
review PRSI REFELTILNA:

« BRAR KBS : gau-nernst 8] Why can't we enable it by default?, & EN Rz
gsm8k FOREALEIE. REZSHIKIEERIL; gau-nernst FEE AR R B 29 R Ewl = LLBRIA
JBR, ZJY0516 %5 I think it's okay if it's always faster, 33X é&& A cuda MmIE
fused, EAUKSRA VLLM_GDN_DECODE_KERNEL BKIA cudas

. torch.zeros & A BE: gau-nernst Fi&E fused 2% B torch.zeros() & f[#X
torch.empty(), EE#EFET CUDA graph T batch & padding. kernel RE unpadded
£T. torch.empty ©1BIIRMERA out_proj, BEIE fused KB RIZF—I (£Bk #28182)
; gau-nernst ¥R ZJY0516 BIRSERIZIEAE Kimi-K3 KDA B BAg, {BREARBIIR
B4Rk PR,

« compute capability 43R : gau-nernst 38 kernel REHR SM100 TR4FIE. NEE
SM80+, 1EEIENIKFE] compute capability 8.0+, 3354 CMake arch %%,



. test_config.py BIEIVISF T : gau-nernst BIFTIERT S B91ER, EE FHER
gwen_gdn_attention_core_fused_norm_packed @AM B splitting_ops F4EHN
piecewise CUDA graph B split boundary, &N EMEIREOMRHSEILE CUDA
graph IR IR,

« helper REt5 & &E3: gau-nernst BINER A E—HF B gdn_decode_state_utils.cuh
NEEH kernel XM, 1EEBAIE; CMake 44 nit WRE arch {HH— AR,

- fused kernel B compute capability 293R (question): YEE#IINEIXKFL A compute
capability 8.0+, FIFLHIL arch 5%k (8.0;8.6;8.9;9.0a;10.0f;12.0f) 5§
VLLM_ENABLE_FUSED_GDN_DECODE %,

BT ERANBRAEREGL (design): mAURSKA
VLLM_GDN_DECODE_KERNEL={cuda,triton}, BRiA cuda; EREE cuda BELHRR
R raise, BRIAMENEER Triton 2 HE

. torch.zeros BE&H 5 E (CUDA graph padding &Z4M) (correctness): {%%F
torch.zeros, 53F fused A E/RIF—IK, F #28182 AREAREHh—ik,

« #13 custom op By piecewise CUDA graph E35SF T (testing): Br (% &
test_splitting_ops_dynamic ¥, fEABRIAERET splitting_ops BIEIVILRIF,

. gdn_decode_state_utils.cuh & RE% (design): 1E& % review EILABE (commit
4b58b455)

- CMake #p%& 5 arch 32 (style): I/HA TR, & EITERNZ,

R 5 B

c XFS EEXRE A

1. BRABR/ZZE: VLLM_GDN_DECODE_KERNEL BRiA cuda, BAE % EARERNER
Triton894&3* (qwen_gdn_linear_attn.py By _fused_gdn_decode_unsupported_reason)

, ABETARRBIRE S RKE R KT decode /TR, EEXTHEFTMfallbackIZR,

2. AR e2e ISR PR /EEBABULEARIE Im_eval, EAAF checkpoint (0.8B
16/16. 35B 16/32. 397B 16/64) #A#HZ num_v_heads == 8 * num_k_heads 8
head RAR, fused BZRIE kernel HAMEA BEARFM T FAEFMMR,; KERkR—EHI
TEARNER, FRASKAERMHEDRIHREST B,

3. rebase/merge IEFMEEINT: FR/G—2% commit 38a1c179 18E T rebase R EFHM
a_spec/b_spec gating EV3, TBAZEEIRAERFE: rebase PEZ W LIFKEEFRHEIR, EE
BB RBKEAMRFE (YET test_gdn_fused mtp.py B2 T mixed fallback, {ERBZ
spec gating RFEE)T) .

4. 5848 batch MEEL X : fused BRIRR B EZ 4 spec-decode batch, &4 batch EIR Triton
, &L batch MR E RRIRZRITIT, BERNBEZHMERENXE Se-4 X L2 BMEMRIE,

5. torch.zeros 1&K#i: fused 2 X &K&t padded tail EERIFIE CUDA graph T ER, 5
#28182 BUEHABTEME, BEERMA torch.empty BEZRSBITAMNAA S - FM:
AP HEZAR (3 interleaved GQA. K=V=128, BF16 &, CC8.0+ %) #
Qwen3.5 GDN MTP FHEBLB#IKME 1.17x-2.20x B decode inik, B[
VLLM_GDN_DECODE_KERNEL=triton E:3&; A A checkpoint B head /HARS



KA IR, BRMTARE, ENGEERAFPERE. XA%: FE—NY 557 1 FJ’\J

CUDA kernel fa#T#y custom op, 3hMEE (SM80+ & arch) 54 kA&, BER

GDN ERH; CompilationConfig. attention_ops 3¥i—3, F"A piecewise CUDA

graph E’J?ﬁ/\ﬁjﬂ JRIRA: TEAE GDN decode X—KINBEA EIFLELEY Triton 5

CUDA ME&R{ZE9—3kIE, H4R3F dispatch A3RE CMake FFXMIEN, - RFetric: BRIA
ﬂ%%}?ﬁ%{’;ﬁ%{" , BB IARR e2e BAE |, rebase HMREKRIEMMERYT , JBRE batch =3
MEEA X, CUDA graph padding &% zero #1#a1t

KRR EE

« PR #50062 [Model Runner V2][Spec Decode] Add KV cache support for multi-layer
MTP: R MTP ZAARRLshRELR, & PR KEIHEH 5| AR spec_state_indices_tensor.
num_accepted_tokens % attention metadata i& X K58 state rewind,

« PR #52030 [Bugfix] Fix packed GDN decode launch for large batch-head grids: [EJ&
GDN decode W#Z%k, HHRAZERERFLIRH, B PR ZRX GDN MBRBAER 5 kernel f2
B FHUR

« PR #50685 [Bugfix][Refactor] Keep Qwen3Next layer boundaries sequence parallel:
B XFiE (gwen_gdn_linear_attn.py 5§ Qwen3Next t8X#ER) ) EP+SP i HRAX
B, 5 fused kernel Xt head i/ (num_v_heads == 8 * num_k_heads) #n TP {148
ARBERE,

« PR #48666 [Kernel] Gemma-4 FA4 FP8 Kernel: B A speculative decoding & FTHA
MEESREEXNF I/, TTREEE flash_attn EIRELE MTP A% scale 8 £ B0%,

e



