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MRS

« —a)3E: fused GDN MTP WA X Qwen kEufB| 1/2/3/4/8, #FH MTP fEFL &

cBESME: EERIE, MOEZ A —EUAHEETIHER ratio A AR FHRBERS IO
R 10 MFL; =& host 38H C++20 templated lambda 4P dispatch E£; =2
config audit MIEAMBRE XFEE, FHE R IIFHAIERR"ERNMA guard Mk, XH/E
SRR TIAE, ZIEGERESEMMETME (0 GSM8K %) SMeEifE—RMAN CI 112, Bi
-1.06 pp 2 &K BT RRE,

THRES B

HitAF Qwen GDN ELE X IMAEF ratio B& 1/2/3/4/8 (M Qwen3.5 0.8B/2B Z|
Qwen3.6 27B/35B. Qwen3.8 2.4T) , i1 #51674 5| A# fused GDN MTP R %+ HV/H=8
, SRR ZHEIER A ERESRIZ, PR body BA#AI%EA "makes the value-head ratio a
compile-time kernel parameter and dispatches exact ratios 1/2/3/4/8", Bir2iBR& W%
HEHIKET B 2IAE TR, reviewer gau-nernst L E ) E "Btw, since you are
already doing this, any other head ratio we should cover? Can you help check other
past Qwen GDN models?", #*—3#5h 7 B E &t

ST AR
TEANO

« csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu: PWAZIEMRM template
<typename StateT> ¥ B A template <typename StateT, int ValueHeadsPerKeyHead>
. key_head G HFEE 8 AR IFHAERS K,

+ vllm/model_executor/layers/mamba/gdn/qwen_gdn_linear_attn.py:
_can_use_fused_gdn_mtp_decode # guard MEZE HV/H == 8 ik,

- tests/kernels/test_fused_gdn_post_conv.py 5
tests/kernels/mamba/test_gdn_fused_mtp.py: MIRBEE,

KIS B

1. AAZHRZHISHL: & fused_gdn_decode_kernel.cu #,
gdn_decode_post_conv_mtp_kernel 5 launch_gdn_decode_post_conv_mtp #R3EHN int
ValueHeadsPerKeyHead #=AR5%%, WA const int key_head = value_head /
ValueHeadsPerKeyHead; &1 value head 3| key head ByBest. EZERNEDRE FEIR



Y FEREAE T ratio LB FF. I ratio=8 BIBEE T AT E#RE

2. host RES5 L9 IKEM: ANHB fused_gdn_decode_post_conv_mtp R %
num_value_heads == 8 * num_key_heads HIRERIEK A B + BE {1,2,3,4,8} £ERN
;. BEE review ZINA C++20 templated lambda A& StateT 5
ValueHeadsPerKeyHead, BL& switch J354THA ratio BT E|RiFHFE E, &A™ H 10
AN ratio x state dtype 45fb, JHIRT mAHY if-else EE AL,

3. Python guard Bk5h: QwenGatedDeltaNetAttention._can_use_fused_gdn_mtp_decode
M self.num_v_heads == 8 * self.num_k_heads XA % self.num_v_heads %
self.num_k_heads == 0 BH¥|ERET (1, 2, 3, 4, 8), WHIEEKLLWE floor BIXIEIK, £
iE CUDA 35 Python S#BI X HEE—,

4, MRBEEM: test_fused_gdn_post conv.py 1REBALIR 6 NEL ratio-8 AF] (
TP16/TP4. ragged. max. BF16/FP32 4A&) , SHMMA head_ratio #E, FHHTHE
ratio 1/2/3/4 AR ERAF (HEE ratio-2 BEZRAT state dtype) ;
test_gdn_fused_mtp.py #3% test_fused_mtp_head_ratio_guard, T RIEIF ratio
1/2/3/4/8 @3, FEELLS R X FFHLBIEER,

5. BIF 5 MRESIE . post-conv XF 75 passed, model-path X 12 passed; EZEHA
ratio-2 EEXTMIR, 60/60 3T4EIRA (B1 eager 4 2.47x 3| Bb4 eager 49 1.06x) ; E
SRR Qwen3.6-35B native MTP T 30 B GDN £ #£ fused 42, eager B1/B16 &
H3RA 1.117x, GSM8K 5-shot greedy Lt fused 1018/1319 5 fallback 1032/1319,
B &It -1.06 pp, McNemar p=0.335, RES MM,

R

« csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu (13t Bié&RAZ; 25| other; 3
A core-logic; 5 gdn_decode_post_conv_mtp_kernel,
launch_gdn_decode_post_conv_mtp, fused_gdn_decode_post_conv_mtp) : ThREAZA:
WAEAEARIE D ValueHeadsPerKeyHead 4Ri%#A£ 4, host AOM HV/H=8 BERILIK T A
{1,2,3,4,8} &4, 3#H C++20 templated lambda + switch 58 10 NMFL Ik,

« vlim/model_executor/layers/mamba/gdn/gwen_gdn_linear_attn.py (3R R 2. K5
source; £ data-contract; &5 _can_use_fused _gdn_mtp_decode) : Python {llgk&
BAEZAEN guard HE—KF) R, REWE Qwen GDN #HAEEEA fused MTP,

. tests/kernels/test_fused_gdn_post_conv.py (3% WAZMR; 5| test; ER
test-coverage; 5 test fused gdn_decode_post_conv_mtp_ratio8,
test_fused_gdn_decode_post_conv_mtp_head_ratios) : WAZBEIENMR: FE 6 NRLE
ratio-8 FABIFFFL L ratio RERARF], ZIIE 10 MNMHLIEMPER T ZE K,

. tests/kernels/mamba/test_gdn_fused_mtp.py (#3k AN ,; KB test; LR
test-coverage; &5 test fused_mtp_head_ratio_guard) : R EZMR: FHE guard
HEMRK, ENEE ratio 1/2/3/4/8 BN E5IEEL / R FHLAHIERR, Fiik guard 5
CUDA in&%&%%,

XS gdn_decode_post_conv_mtp_kernel, launch_gdn_decode_post_conv_mtp,
fused_gdn_decode_post_conv_mtp, QwenGatedDeltaNetAttention._can_use_fused_gdn_
mtp_decode, test fused_gdn_decode_post_conv_mtp_head_ratios,
test_fused_mtp_head_ratio_guard



RERED R B

csrc/libtorch_stable/gdn/fused_gdn_decode_kernel.cu

heEAZ s RAZKEARIEA ValueHeadsPerKeyHead ZiZEAS %k, host A B M HV/H=8 EAREE
A {1,2,3,4,8} &4, #}A C++20 templated lambda + switch 58 10 MF LK.

/] host A8 : GMERKE, BRFmEFHEED K.
const int num_key_heads = static_cast<int>(key_width / (2 * kDimK));
const int value_heads_per_key _head = num_value_heads / num_key_heads;
STD_TORCH_CHECK(
num_value_heads % num_key_heads == 0 &&
((value_heads_per_key head >= 1 && value_heads_per_key_head <= 4) ||
value_heads_per_key head == 8),
"GDN decode MTP fusion requires HV/H in {1, 2, 3, 4, 8}");

// C++20 templated lambda: 3B StateT 5 ratio A& A RIFEHESEK,
const auto launch = [&] <typename StateT, int ValueHeadsPerKeyHead>() {
launch_gdn_decode_post_conv_mtp<StateT, ValueHeadsPerKeyHead>(
mixed_gkv, a_log, dt_bias, state_indices, cu_seqglens,
num_accepted_tokens, state, norm_weight, out, a_ptr, b_ptr,
output_gate_ptr, num_key_heads, num_value_heads, scale, norm_eps,
strides);
b
/]l &% state dtype @&, BHA switch EZE ratio, 3 10 Mk,
const auto dispatch_state_type = [&]<int ValueHeadsPerKeyHead>() {
if (state_scalar_type == ScalarType::Float) {
launch.template operator()<float, ValueHeadsPerKeyHead>();
} else {
launch.template operator()<__nv_bfloat16, ValueHeadsPerKeyHead>();

b
switch (value_heads_per_key_head) {
case 1: dispatch_state_type.template operator()<1>(); break;
case 2: dispatch_state_type.template operator()<2>(); break;
case 3: dispatch_state_type.template operator()<3>(); break;
case 4: dispatch_state_type.template operator()<4>(); break;
default: dispatch_state_type.template operator()<8>(); break; // ratio 8 F&EEIZ

}

/I ratio AR FAERSEE, key_head BRE R IR 1F SBAFFMAL
template <typename StateT, int ValueHeadsPerKeyHead>
__global__ __launch_bounds__(kThreads, 2) void gdn_decode_post_conv_mtp_kernel(
/... 585 kE8g ...
) A
/] A value head BETE|XT R B key head; ratio=8 K5 R T L—K,
const int key_head = value_head / ValueHeadsPerKeyHead;
/| £ZERBESEFRIF R RZFLN ratio Bb, BEBTHRES 0 X 8.
/... EERITEER .



vlim/model_executor/layers/mamba/gdn/gwen_gdn_linear_attn.py
Python gt & B2 N guard BB —ERBh =, REFLE Qwen GDN R EE 2 A fused MTP,

def _can_use_fused_gdn_mtp_decode(
self, attn_metadata: GDNAttentionMetadata
) -> bool:
state_indices = attn_metadata.spec_state_indices_tensor
return (
attn_metadata.spec_sequence_masks is not None
and atth_metadata.num_decodes == 0
and attn_metadata.num_spec_decodes > 0
and self.kv_cache[1].dtype in FUSED_GDN_STATE_DTYPES
and self.gdn_decode_kernel == "cuda"
# AMERRIE, BoIEEE TE floor BRIKRIK.
and self.num_v_heads % self.num_k_heads ==
# XIFESKE A Qwen GDN checkpoint ®it, ®& 1/2/3/4/8,
and self.num_v_heads // self.num_k_heads in (1, 2, 3, 4, 8)
and state_indices is not None
and state_indices.size(1) <= MAX_FUSED_GDN_MTP_TOKENS
and hasattr(torch.ops._C, "fused_gdn_decode_post_conv_mtp")

)
AT K
BB R P A RARBLES, MIRRERBE ZHFE ST L

« JkEE (design) : gau-nernst I "you can either use a macro or lambda
template (requires C++20, which is set by vLLM) for dispatch to reduce repeated
code", fEE XA C++20 templated lambda, &AL switch + FE lambda 58 10 NF
2o

« MIRIREKREE (testing) : gau-nernst &K "keep the original test cases, and add
maybe only 1 or 2 new cases for head_ratio=2", 1EERE 2T 6 NELE ratio-8 A
. FAGNEF ratio BRIn—NREAA,

« guard B3% (style) : gau-nernst #&H nit "self.num_v_heads // self.num_k_heads in

(2, 8)"; VEEBRABER + REEH A, B "a non-integral ratio cannot be
accepted by floor division", XIFHEEHLA 1/2/3/4/8,

&£ = EBIE T (question) @ gau-nernst 3B R R E XA HM4E ™ head ratio; 1FEREH

HV/H=1/2/3/4 895 checkpoint, gau-nernst ¥ % "Qwen/Qwen3.8-2.4T-A95B uses

Hv/H=8", E&ERINRET Qwen3.8 FBELRLE,

DR EE: & vs C++20 templated lambda (design): /& XA C++20 templated

lambda, AL switch + FAE lambda 5B 10 MEFLLAIK, EKRT EE A,

MR FAGIRE S RERR (testing): /EERE 2SI 6 NEL ratio-8 ABIKE ID, config

audit G AENEF ratio EM—NRERHF, Bi— ratio-2 FAFIEEE —F state

dtype, post-conv X 75 passed,



« Python guard 89 ratio I 5% (style): /EERAKEER + REEHRN, ZFEEEAN
1/2/3/4/8, BHRIEXELME floor RIEIRITEZ,

« model-path JMIRKBN BT SE (question): AR FTILHY
test_fused_mtp_head_ratio_guard, EAERMHET Python guard H &4 F ML B =,

« £ head ratio Wit 5 XFEEHE (question): ZRAXIFEEHEN {1,2,3,4,8},
ratio-8 AR R BZBAMELE T BIZ, FEBSEREHAARLLER,

RS B
o NS

1. MEFRENFKE: GSM8K 5-shot greedy L fused &2 1018/1319 (77.18%) KT
fallback 1032/1319 (78.24%) , mAf&it -1.06 pp, PR body BA#E BA "This does
not establish equivalence or non-inferiority", FBAERAWLEGRARE, ZafbitE
EREMRREL REHIEFIA.

2. R\ SHERNEMBNRIE: key_head = value_head / ValueHeadsPerKeyHead &u
shared memory R S5MEIRA R, 10 ML BB R FHAKIEER, BRE ratio TH
bank conflict §&ERKREE — L AERIE,

3. FEIIEAREE: PR body B H20 RISIE T FH#A ratio-2-only host dispatch, &
multi-ratio dispatch /X7 PRO 6000 L384F; H20 EZER S R &b KzfT, B
GPU MaE R " EHEN L,

4, TWFFEMY R ARSI 2 NEKER| 10 4, BT ABl/ MERATE, ELEK
CUDA %% 8] 738 R — BRI KR,

5. BIRARIS—E M : CUDA 3% STD_TORCH_CHECK 5 Python guard #83% {1,2,3,4,8}
BRI, WF oM ERBMEAE, seELIEEL, RANKRRK, - W AP¥ER
: Qwen3.5/3.6/3.8 #%| GDN #& Z A native MTP B, AREEE/ZM fallback £
fused, BESHEREFHIZAL 1.1x (eager § FULL_AND_PIECEWISE #R34Z3%) |
B E AR L ITEAA 2.5%,

A% CUDA RiIFFMABEE 10 /N, MERFEEEZEY K, BoWE NRERIEHR H
EHEZY K, B GSM8K 8 -1.06 pp mfEitHRE EFEXIE,

RIRAR M : R T BMEFIT — RFHSL - BREWRX WAZY BEX, NELEM head
ratio X224 (41 MoE MTP) AREMRMME; review TR RERAF + REFE MR KL
ERESEYE

« REEARIE: BERERELEMNE , H20 FERIEAREE , ALY BRFTN

KRR EE

« PR #51674 Fused GDN MTP verification for HV/H=8 (PR body 3| A& A5 F) : PR
body BA#AS| A #51674 (X X 3F HV/H=8 #y fused GDN MTP verification ZSZH, &
PR 22X BB RS AiZZtb,

« PR #52197 Support DSpark configs with architectures=DSparkDraftModel +
model_type=qwen3: F& Qwen MR / BEfEE A7, BEP R Qwen BREE



speculative/MTP B2 T HEEAYT B, T AR —sheE&BIES,



