PR #32890 ZEIRLE

sgl-project/sglang
feat(kernels): port standalone Kimi K3 kernels
&3ntE: 2026-08-01 13:26

JRSCEERE: http://prhub.com.cn/sgl-project/sglang/pull/32890

HATIHE

- —A)3E: A Kimi K3 M2 A5 mABENR, A Blackwell &R

 EEDE: EBRIER SHESARS JIT EmiRiEgErE, EINESE: (1) PR body 8
MBI FE S #32624 89 kernel/runtime 2 BK#; (2) chunk_fwd.py B9 HFRIT (A
data_ptr/shape/stride & key ##t id E A, JHKR GPU->CPU sync B 50-200 us
stall) ; (3) review # AOT vs JIT. PTX helper AR, # N KB benchmark Bit8; (4)
REMEESH WE G EFI A X, THMEAELS XBEMSA ELENME, —AARESHE IR
REREMTREENRET,

THHES BAL

Kimi K3 2= Blackwell (SM100/SM103) #9&MEEE Delta Attention &, H Day0 T1E
BIPEIRIL kimi-k3 2% E, PR body B4 Motivation BA#: "Port the standalone kernels
from the Kimi K3 Day0O work to main first. Keeping the kernels and their direct tests
separate makes the reusable pieces reviewable before the more invasive model,
scheduler, and serving integration changes." BIZ&it AAZ G MR USRS, =l & B A FHA
main, IEB/AXERERIEE PR, MU REREANTFES BFRKE,

TR

1. REMSER R £BHE docs AFIRK (design/plan/inventory) # & kimi-k3 2 X A%
BE, R EFEN kernel BS5 BN, BAMHRER (o
srt/models/kimi_k3.py) . RER. VBT, SESHERESRESIHER; RS
IR tuner/benchmark 52242 DayO runtime dispatch A%,

2. £Z JIT/TMA Emli: 3% sglang/kernels/jit THEA JIT X3F (make_cpp_args.
cache_once. PDL ZE#MIFEME) , 8 K3 collectives EEH ALK PTX helper U3
csrc/kimi_k3/comm/ptx_sys.cuh ({&FF device::distributed 4y =218]) , F7 warp.cuh
iRt warp::copy_bytes REH NRIE (AL review T8y g2s_copy Bk& 5 HEEIE)

3. KDA WK EMHE: kda_nvidia_prefill/ T vendor NVIDIA KDA_prefill 8§ K1+K2+K3 Fk
& persistent kernel (fuse_kernel123_persistent.py) . K4-only persistent varlen
kernel (fuse_k4 only_persistent.py) . Akk F=/ArK#E (
Akk_inverse_lower_triangle_bf16.py) 5%#E chunk_fwd.py; decode T
kda_fused_decode.py. kda_packed_decode.py. kimi_k3/kda_decode_mtp.py; IZHLAR
FMFTIE attention/fla/kda_replayssm_spec_decode.py, B exact-fold R4 & SSM ik

ol



B8, attention/fla/kda.py A RE—EKEIGEE S, A K3 &
recompute_w_u_fwd_kernel B2E 2 X 5 RIFEAND,

4. HEE5EMAMK: B SITU BO0E (kimi_k3/activation.py) . attn_res Bi& TMA B4 (
kimi_k3/attn_res.py) . MLA KV &5 B4R (set_mla_kv_concat_g.py) . SETEIE (
mm/process/image.py BJ normalize_and_patchify) . tiny_gemm.py 5 vision_rope.py
FEAME AN,

5. £k collectives: ¥ kimi_k3/all_reduce.py (push/pull IEE % x res/norm Fit
epilogue) . gemm_ar.py/gemm_ag.py (GEMM 5 all-reduce/all-gather E&&) .
sp_collective.py (SP-MoE reduce-scatter/all-gather, JSON @{t%&IEE dispatch) o Fr
B A0 register_comm 48FE CustomAllReduceV2 Hfigm, FHUr=R— world_size R
A —/ communicator,

6. MRE Cl: FREENEHFREEMMIRAD (H100 prerequisite. B200 compute.

B200 collective. Blackwell prefill correctness) ; H100 il 9 MR MR LIEEIT (
12.91 s) , 13 /> Blackwell-only MR A A E2MFEAE H100 £k, SM100/SM103
FRMIRRZ B B200/GB300 CI $#4T,

7. HEBE 5% : RIE review EEB communicator.cuh & pre-PR JRA. MR
align_single_token (FiBE kimi-k3 #48) . & E L device helper. £ vendor X4
NH#REY main/bench harness. % kimi-k3 E X% TR EFTA lossy exports (PDL.
radix-select R, v2p_ptr/PAGE_MULT &) , ##4E #32624 # TP16/TP32
fused KDA decode kernel 3384,

R

+ python/sglang/kernels/ops/attention/linear/kda_nvidia_prefill/fuse_kernel123_persisten
t.py (B3R FBENKL; £5| source; £ core-logic; &5 kl_internal_barrier,
pack_bf16x2 32, mma_bf16_m16n8k16, fast_rcp) : KDA prefill 89405231,
K1+K2+K3 @& persistent kernel, 1024 4&f2. 148 NI block, warp-specialized
mbarrier 7K, FEXRSIAFLE LICM hoisting 8 opaque_zero_from_work_id %35, &
Blackwell prefill IEA#MES M RERY X BIEHE,

» python/sglang/kernels/ops/attention/linear/kda_nvidia_prefill/fuse_k4_only_persistent.
py (B3R FEEAAZ; £ source; EA core-logic; &5 _DummyExperimentalDSL,
transform_partitioned_tensor_layout, _patched_get_pipeline, k4_persistent_kernel) :
K4-only persistent varlen kernel: #-F GDNTileScheduler 8 3D tile AE S
TensorMapManager & tile TMA #RFEFHT, A chunk HUT 6 > MMA; X EEX
CuTeDSL pipeline 3£ ptx-options='--uumn' BEE/TERAN T

« python/sglang/kernels/ops/attention/linear/kda_nvidia_prefill/chunk_fwd.py ({ik &
NAZ; £5| source; EM entrypoint; &5 _ct, _get_eglen_dummies, _cute_int_type,
_tkey) : KDA chunk forward B9ZRHEA D, 8 K123, K4 5§ Akk KF B FLA REED
;. BRI T IREZ2KIT: A (data_ptr, shape, stride, dtype) ff tensor &% key, &
% id ERAMBE, FHE varlen K4 TR 2IRKE] GPU MILUER 50-200 us By
GPU->CPU stall,

« python/sglang/kernels/ops/kimi_k3/kda_decode_mtp.py (11 fERLAAZ; 2% source;
KA core-logic; &5 _stream_state, p2_lanes, _gk_smem, _state_tile_v) : KDA



conv-MTP decode R#%: CuTe DSL %5, #—X wave W / ShahSESF 256/512 block
%&A2, phase 2 A RSHEEBHFHRE 5 R tile RN FMREET®R, BT S
tokenverify 5 token decode By ZE FAX#ET,

« python/sglang/kernels/ops/attention/fla/kda_replayssm_spec_decode.py (3R ZALAR
53; 5| source; FEA core-logic; F5 kda_replayssm_exact_fold_kernel,
commit_kda_replayssm_spec, commit_kda_replayssm_spec_all_layers,
commit_kda_replayssm_after_verify) : ReplaySSM RZHLARILRSIERWERTE: A
per-request /NEIAE O + X BT exact-fold BRIV & SSM RE L%, 18 dspark &
NBERP RN ERER; kernel 5§ recurrent baseline Ffr—3k, MARBN FEEH
/ REZ num_warps R4,

« python/sglang/kernels/ops/kimi_k3/all_reduce.py (1&3k E£4K38(E; 2£5| source; FER
entrypoint; &% _jit_ module, _CommEntry, register_comm, PullTuning) : K3 MNNVL
fused all-reduce B Python JIT #3%: push (1shot £3#&) 5 pull (2shot NVLS) FftE
YEI& x res/norm FfE epilogue, & A CustomAllReduceV2 HFfifE, register_comm Xt
E— world_size B9E 85T AHERET = 5%,

- python/sglang/kernels/ops/kimi_k3/sp_collective.py (#3k &iKiE(E; 25| source; FEA
core-logic; 5 Tuning, Dispatch, FusionDispatch, _device_name) : SP-MoE &
reduce-scatter / all-gather MAZ3t3: JSON RAALEIR (world_size, hidden_size,
device_name) M4, % num_tokens o AREIEREE, KEEA nccl/separate B AR
R, & K3 £+ MoE BIRHNEEEA,

« python/sglang/kernels/ops/attention/set_mla_kv_concat_g.py (#3k MLA #:4t; 25|
source; £ core-logic; &5 set_mla_kv_concat_g_module,
can_use_set_mla_kv_concat_g, _row_aligned, covered) : Et& MLA decode prepare
tail: & paged-KV scatter 5 absorb-q concat &3 A —>X launch, SM30+ £ TMA
bulk store; covered()/covered_fp8() ALZR A IR, FifEX T2 E A R EERRHE RN
ERIZ, RIBETHZ2NERTER,

. python/sglang/kernels/ops/attention/fla/kda.py (#3k FERANZ; 255 source; FER
core-logic; 5 recompute_w_u_fwd_kernel, _recompute_w_u_fwd_kernel,
precompile_k3_recompute_w_u_kernel, _get k3 recompute_w_u_config) : 4~ PR w—
BB EE kernel XfE: 4 Kimi K3 B8 recompute_w_u BIFEINEAERE S WMEIFAD
, BIEHEREZERAER S,

XS fused_kernel123, make_host_function, opaque_zero_from_work_id,

k4 persistent_kernel, chunk_kda_fwd, kda_decode_mtp_kernel,
kda_replayssm_exact_fold_kernel, commit_kda_replayssm_spec, all_reduce_push_res,
all_reduce_pull_norm, reduce_scatter_res, all_gather_direct, set_mla_kv_concat_gq,
covered, can_use_set_mla_kv_concat_qg, attn_res_fused_tma, attn_res_fused_direct_ag,
situ_and_mul, normalize_and_patchify, tiny_n_gemm_bf16

RERED R B

python/sglang/kernels/ops/attention/linear/kda_nvidia_prefill/fuse_kernel12
3 _persistent.py



KDA prefill 90528, K1+K2+K3 Bi& persistent kernel, 1024 442, 148 NIEE block
, warp-specialized mbarrier /K, FH&XE|AFFIE LICM hoisting &9
opaque_zero_from_work_id 35, =& Blackwell prefill IERfaMES M RERY X ISR,

# fuse_kernel123_persistent.py —— KDA prefill 8§ K1+K2+K3 Ft-& persistent kernel
# M NVIDIA KDA_prefill & vendor, ft Kimi-K3 chunked prefill £,

# AR : grid = (NUM_SMS, 1, 1), & SM —ANE¥ block; work units #&

#i, i+NUM_SMS, i+2*NUM_SMS ... #%; 1024 &fEA N K1+TMA (warp 0-15)

# K2 MMA (warp 16-27) . Store/lnversion (warp 28-31) =4, ARNSHITE

# AER, BeBATEEEAN,

# EBTUAEE: BT=64 F¥k. BC=16. K DIM=128., K_STRIDE=136 (pad B bank conflict) ,
BT = 64

K_DIM = 128

K_PAD = 8

K_STRIDE = K_DIM + K_PAD # 136

NUM_SMS = 148 # persistent: & SM —ANIE ¥ block

NUM_K1_TMA_WARPS = 16

NUM_MMA_WARPS = 11 # warp 26 2% B TMA producer

NUM_STORE_WARPS = 4

NUM_WARPS = 32 # 1024 %442

# B4£ barrier: K1+TMA warp 4B (0-15, 512 £%#2) % A barrier_id=2,
@dsl_user_op
def k1_internal_barrier(*, loc=None, ip=None):
# membar.cta + bar.sync 2, 512; #d 0 RE2#ERNB LA E AR,
llvm.inline_asm(
T.i320), 0,
"membar.cta; bar.sync 2, 512; mov.u32 $0, 0;",
"=r", has_side_effects=True, is_align_stack=False,
asm_dialect=llvm.AsmDialect. AD_ATT, loc=loc, ip=ip,

# A fp32 FTEK bf16x2 (7 16 ALK hi, i 16 ik lo) ,
# fft mma.sync.aligned.m16n8k16 By A/B #/E¥E A,
@dsl_user_op
def pack_bf16x2_f32(hi_f32, lo_f32, *, loc=None, ip=None):
# cvt.rn.bf16x2.f32 -> d[31:16]=bf16(a), d[15:0]=bf16(b)
result = llvm.inline_asm(
T.i32(),
[hi_f32.ir_value(loc=loc, ip=ip), lo_f32.ir_value(loc=loc, ip=ip)],
"cvt.rn.bf16x2.f32 $0, $1, $2;",
"=r,f,f", has_side_effects=False, is_align_stack=False,
asm_dialect=llvm.AsmDialect. AD_ATT, loc=loc, ip=ip,
)

return cutlass.Int32(result)

# REMRA: RE 0 B9 RFERHME,
# has_side_effects=True it MLIR LICM AN BEANFEIER, AT



# IBFAH for_generate fE3F; JREAER MY LICM 23 loop-variant,
# FRIE get_slice() EAREMRAATITEWIRAEZ| kernel prologue,
# BE: prologue HFHEREEN < 64, Bk 440 ZHARMEEEENR
# 29 300 cycle B9 L2 LDL &5, SLHgRIAIRIE XK,
@dsl_user_op
def opaque_zero_from_work_id(*, loc=None, ip=None):
result = llvm.inline_asm(
T.i32(), 1, "mov.u32 $0, 0;", "=r",
has_side_effects=True, is_align_stack=False,
asm_dialect=llvm.AsmDialect. AD_ATT, loc=loc, ip=ip,
)

return cutlass.Int32(result)

AR

HEREEPRERENEHE L, —& situ_and_mul.cuh 5 dsv4 silu_and_mul B9EEHRF:

DarkSharpness AR & 99% #1L, BBuf #1iE SiTU X gate & up FIANERIELERBUE e,

double softcap AE#Z FP8 bound, £ MtEZF L1t dsvs BERTLIBH beta BiE, &AMk

ML, —& align_single_token B9MER: DarkSharpness SRR H 2T L HRAE, BBuf

—EWE (kimi-k3 #9 fused_marlin_moe.py B N#k import) , RAR/EEZRKMBKRHCE

handoff, =& communicator.cuh 8 PTX helper V3@, JAERXHIHFHEE ptx _sys.cuh,

P92 warp.cuh ¥ NRIBN L 5K, BBuf BRE copy bytes #%4H B300 SZMEE, AR

kda_prefill.cu B%miFEL, FIATE AOT T,

« situ_and_mul 5 dsv4 silu_and_mul B9EE R (design): fRIFMIXH, REERLEHF

« align_single_token bs=1 MoE #R&EBEIZEIE Y (design): kernel. Python wrapper 53R
2IMIFR; main THEEEE, kimi-k3 2 X FEERH,

« communicator.cuh REFRIR, PTX helper #2|{#E R4 (design): communicator.cuh diff

J35E, PTX helper UK8kE| ptx_sys.cuh,

warp MERE LB &2 5 M REK B (performance): (R 838 F 1a &3 IR BRHF 2k,

benchmark &5 A3k X,

« gemm_ar.cuh IR E R (correctness): Zi—1#H host::CHECK_CUDA, #1IRE&24TH
— %

+ set_mla_kv_concat_qg 89 TMA RETE&AREZS (performance): £ XA elect.sync
helper, &5 cute &,

- kda_prefill.cu 89 JIT %iF5 AOT ALK (design): RE AOT, EARREARATES; &
E & follow-up PR & B H & %45 B200 H1%,

. flash_attention_v4.py Tk K5h5 lossy exports ® it (correctness): RE 2 ELSH,
kernel #t5 kimi-k3 fRIE—2K,

PNSESE-A

« XFE:
1. Blackwell 3&iE&R D : SM100/SM103 FEMNA RSEMAE B200/GB300 CI, 1E& AL
Blackwell #L28, H100 &R AREEMR L Blackwell IEFM; kda_prefill.cu £



torch.utils.cpp_extension.load ZRiFHI=M R & sm_103a, B200/GB200 (cookbook
FIHEEAR) &FE| kernel &,

2. JIT AR5 % kda_prefill.cu A4FA 109.2 s, #%ix5.0s, B
torch.utils.cpp_extension.load B3 & L2 MERMIA, ZHEE R TREEARRE
~/.cache/torch_extensions,

3. vendored RAZEIVINRPFE: AE raw PTX/cutlass DSL RF, RRIBFBEILHR K HmiF
FIVEEFBRIE D) expert id" 8 radix REER, FTAKREETRELE KEHRELE,
Blackwell B3 1% CI K,

4. X FEF N align_single_token MG, kimi-k3 4% fused_marlin_moe.py:244
Ak import 7 Marlin + # token decode Bt#t ImportError (REEERFN. ERT
TRE) , FE kimi-k3 MEER KR,

5. Z2HEZANK: chunk_fwd.py B9% & tensor &7 (
_tkey/_ct_cached/_get_varlen_k4_inputs) R&AR A EHRE— tensor X%, BRE
H data_ptr/shape/stride M@, 12 /EEEITIORERY, - P PREETPE
kernels B5 JIT EmiZHE: main LIVAEER / RE / REBELZAEHRARE (E—15
REFE XM fla/kda.py REA K3 EMEELX) , KETALRE, HHERTEXE
—RHA 2.6 AATRBARBAEMERIEN, BELE Kimi K3 £k PR FEEHEBXHTE
. kimi-k3 2 X FTES MR E SHAZE|A; RNEERFLRA B200/GB300 CI RIR4E
FE SN REEME, NHPELEETRAEN, Kimi K3 BRSUMNMEESE runtime
integration &#iE A AEM, - KEFRIT: Blackwell EBMRKF CI, JIT 4250 109s
B X sm_103a, kimi-k3 2% [E# X[ , vendored WAZEVIARFK , AOT sEM1FA

K ERAK L

« PR #32624 k3-fused-kda-tp32 (kimi-k3 branch): 3% b87597b EA#4 PR #5447 % PR
By kernel ¥4 (TP16/TP32 fused KDA decode) , srt/models/kimi_k3.py Z3infTEER
N BiFlE &K PR,

« PR #33143 Replace Kimi K3 DeepGEMM patch with 0.1.5.post1: EJ& kimi-k3 £
main YKEKEYTIE, & Kimi K3 B&KH 5 HEEmMIRE, 54 PR WABRBELARE,

« PR #32828 [Kimi] Support DCP + DSpark (ported from kimi-k3 branch): [&—"kimi-k3

ZAE3| main"BKEBIRAUARRD /kv-cache Ml TAE, 54 PR 89 KDA/MTP WA ARG L& 1K,
RIS X R o



