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MRS

o —AE: Kimi-K3 FA|3H4TH I GEMM-RS & MWAZ, MiE TP reduce-scatter

- EEME: EEEE, AHENABRESMHRERIMIE: BTRT A CUTLASS CuTeDSL %RE
BB AZNTEER, UK opt-in ZBRE (maybe_init_gemm_rs — can_run —
should_run) B9FE&KiZIT, CUDA graph FEEMRMBRAESEME. BWEERHABE
assert EFRIEE, FHWLEK TP MES E S shape HWIIE; LA E & X5F model.py
¥ reduce-scatter £HHEE gemm_rs.py 8] tmem—shared—multimem #k3EE&1Z,

THRES B

ERFIFHATT, 84 TP rank RAAAE token BEERI A, TP 2K 89 down-proj (O-proj. #
EZE X down-proj) EEHE GEMM Z 5 BIR—XKEE rank By reduce-scatter 7 8EWR & F 5| o
R RF, K batch prefill BREREFHERL L EHEN GEMM, PR body BE#35| A
CUTLASS 8 Blackwell distributed GEMM-RS 575l (dcf215a) , A multimem.ld_reduce
E GEMM S EMEZRE rank V34, F4EHEIE: TP4/TP8 AL H M>=512 BHAEXT
RING_LL & 1.2x-1.7x hni®; 8xGB300 EZ2E prefill (TP8+EP+SP) T TPGS #&H
6.52%-8.18%, HTWZA SM100 8 TMA + tcgen05 FkE i L, 7N M («<128) BFEZ
Bk, EHRAE M>=128 89K batch B2 A,

LI AE

1. AAZSZI: #F3E vliim/models/kimi_k3/nvidia/ops/cute_dsl/gemm_rs.py (£ 790 17) ,
2F, Sm100GemmRsBF16 W5 multimem_ld_reduce_16B. nanosleep % CuTeDSL
FRPE¥. AZET CUTLASS CuTeDSL =, A TMA fn#k A/B 4Ef. tcgen05 fif
BF16 GEMM, ESEMEA multimem.ld_reduce BE#E A\ NVLink X#RAE K TP 13
A, XIFEEM (B padded_M #5F) . CTA group 1/2. BN=128/256, 3xtsMEft
init_gemm_rs. get_gemm_rs. can_run. should_run #0,

2. EEZEITEANZE: vlim/cute_utils/mbarrier.py #3& arrive. arrive_expect_tx N
mbarrier DSL op, AT TMA BESFEHEF A, viim/cute_utils/__init__.py g
to_cta0_smem, ¥EZERNAFIEFERD] CTAO #akaRia], f#it 2-CTA £ E AR,

3. RN GIEXGER: viim/models/kimi_k3/nvidia/model.py #3E maybe_init_gemm_rs()
, ¥IFELZE. SP <. ubatching. BF16 dtype. CUDA/SM100 F&. TP 2-16 XK

128 SXBARAE, FEteR TR, KimiMLP, mla.py 8
MultiHeadLatentAttention, kda.py B9 KimiK3DeltaAttention #R3EAD run_gemm_rs %k



5 forward 2% : % can_run BAFREREREME, BITHRA should_run (M>=128) #*
ERTEA GEMM-RS, 8T GEMM-RS 3REAMFH4H fIELE M,
KimiModelForCausalLM.forward # reduce-scatter B9fit& S4Bk A
hidden_states.shape[0] == M,

4. ®ELS CI: vlim/envs.py #38 VLLM_KIMI_K3_GEMM_RS ¥3EEE (BRIAXHA) ;
buildkite/test_areas/distributed.yam| $§# NAZNRFM B distributed Cl,

5. MIREHE: tests/kernels/test_kimi_k3_gemm_rs.py A 2-GPU SRR, BEIEX
F* M=129/257/1023/1024/8191, %% shape. CUDA graph #ik5EWK, #5 torch
GEMM + NCCL RS £#E52I34#8; benchmarks/kernels/benchmark_kimi_k3_gemm_rs.
py 3t ¥ ¥ CUDA graph B9fkEE, Xtk RING_LL / LDMC / @& GEMM-RS =f 7 £
FHiHH speedup; tests/models/kimi_k3/test_sequence_parallel.py ¥ & T
shard_sequence_parallel_mlp gating MR eligible £%k,

R

« vlim/models/kimi_k3/nvidia/ops/cute_dsl/gemm_rs.py (#i3k mh&RN#%; 28] source; £
i core-logic; %5 multimem_ld_reduce_16B, nanosleep, Sm100GemmRsBF16,
init_gemm_rs) : PR Z&: #3% SM100 BF16 @& GEMM-RS WA (449 790 47) , £F
CUTLASS CuTeDSL & multimem.ld_reduce 4, 1€ GEMM 5 TP reduce-scatter
EN—RAZRBEN, FHEM can_run/should_run BZfTEHZE,

« vlim/models/kimi_k3/nvidia/model.py (£r AN ; KF source; E£R core-logic; &F
5 maybe_init_gemm_rs, shard_sequence_parallel_mlp, KimiMLP.init,
KimiMLP.forward) : #ABEAANE : maybe_init_gemm_rs 5B ¥ E5 2B ¥iE1L,
KimiMLP/KimiMoE # can_shard_sequence_parallel 5 run_gemm_rs 1&36 33N
forward %%, REBEAE SP reduce-scatter B shape & X,

« tests/kernels/test_kimi_k3_gemm_rs.py (F3R WANR; K5 test; KA test-coverage
;. 55 test_kimi_k3_gemm_rs, _worker, reference, _assert valid_rows_close) : #fig
2-GPU 2 RREMIR, BEIEXF M. X% shape 5§ CUDA graph HIKREK, 22X
torch GEMM + NCCL RS S IHY < I,

» vlim/cute_utils/mbarrier.py (#£3t BEETITE; 5| source; FEH core-logic; &5
arrive, arrive_expect_tx) : #3% mbarrier 8 arrive / arrive_expect_tx CuTeDSL AF &
F, # GEMM-RS RAZE TMA Jiks 2-CTA & THERAESHKEF A,

« vlim/models/kimi_k3/nvidia/mla.py (#£3k SEE /&R, 25| source; ER core-logic; &
5 MultiHeadLatentAttention.init, MultiHeadLatentAttention.forward) : &4 O-proj
AN GEMM-RS: MultiHeadLatentAttention 3&40 run_gemm_rs #4415 forward 4%
. GEMM-RS REIARMD F G EEHERE,

« vlim/models/kimi_k3/nvidia/kda.py (FE3r &pHEFE A ; KR source; E£A core-logic; &
5 KimiK3DeltaAttention.init, KimiK3DeltaAttention.forward) : KDA &MFE /89
o_proj RN GEMM-RS: KimiK3DeltaAttention 30 run_gemm_rs ¥#b5
forward 2%,

« vlim/cute_utils/_init__.py (#3k 85t T B ; 2£%| source; LA core-logic; &5
to_ctaO_smem) : #73E to_cta0_smem I8 EHRE T, F 2-CTA £EHENTE CTA £4
TMA RFFEE, 2 AZRERIERERLRE,



. vlim/envs.py ({%3k FRIRECE; KA source; EA configuration) : Hrig
VLLM_KIMI_K3_GEMM RS *#3ZE (BRIAXE) , EEANNEEN opt-in FFX,

« benchmarks/kernels/benchmark_kimi_k3_gemm_rs.py (&3 MgEEE; 5| source;
A benchmark; &5 Candidate, parse_args, capture_graph, benchmark_graphs) :
3 X FF CUDA graph B9 R EME, L Torch GEMM + NCCL RS (RING_LL /
LDMC) 5@h& GEMM-RS, HitHa#tits speedup, 2 PR PEREZKIREHIKIR,

. tests/models/kimi_k3/test_sequence_parallel.py (#3k F%|354T; L5 test; LR
test-coverage; 5 test_shard_sequence_parallel_mlp_gating) : ¥ & shard gating
MR, FE eligible 3B £ FusedMoE BIZ2AR %55 SP o AR AZL,

« .buildkite/test_areas/distributed.yam!| (%3 CI B2&; 255 config; & configuration)
AEHEEY GEMM-RS 4R SUMRSEM B distributed CI X35, fRIERME Cl PHREIIE,

XS maybe_init_gemm_rs, shard_sequence_parallel_mlp,
Sm100GemmRsBF16.init, Sm100GemmRsBF16.call, Sm100GemmRsBF16.kernel,
Sm100GemmRsBF16.prepare_tma, multimem_ld_reduce_16B, nanosleep,
to_cta0_smem, arrive, arrive_expect_tx, init_gemm_rs, get_ gemm_rs, can_run,
should_run, KimiMLP.forward, MultiHeadLatentAttention.forward,
KimiK3DeltaAttention.forward, test_kimi_k3 _gemm_rs, benchmark_shape

KR Fr B]

vliim/models/kimi_k3/nvidia/ops/cute_dsl/gemm_rs.py

PR #/»: 73 SM100 BF16 & GEMM-RS WA (4 790 47) , &F CUTLASS
CuTeDSL 5 multimem.ld_reduce 4, & GEMM 5 TP reduce-scatter & — XN B
&, At can_run/should_run BATEHEE,

# SPDX-License-Identifier: Apache-2.0
# vllm/models/kimi_k3/nvidia/ops/cute_dsl/gemm_rs.py
"""SM100 BF16 GEMM with a fused tensor-parallel reduce-scatter.""

# ETF CUTLASS 4 Blackwell distributed GEMM-RS | (dcf215a)
# 500 https://github.com/NVIDIA/cutlass/issues/3117 TAERNEIEX

import cutlass

import torch

import torch.distributed._symmetric_memory as symm_mem
from cuda.bindings.driver import CUstream

from cutlass import BFloat16, Int32, Inté64, Uint16, cute, utils
from cutlass._mlir import ir

from cutlass._mlir.dialects import llvm, nvvm, vector

from cutlass.cute.nvgpu import cpasync, tcgen05

from cutlass.cutlass_dsl| import dsl_user_op

from cutlass.utils import get_smem_capacity_in_bytes

from vlim.cute_utils import _tcgen05, mbarrier, simple_tma_copy, to_cta0_smem
from viim.distributed import get_tp_group



@dsl_user_op
def multimem_ld_reduce_16B(x: cute.Tensor, *, loc=None, ip=None) -> cute.Tensor:
#—RMERIZ v4.bf16x2 ITEE 16 T, X global it HATH sk
# V34K multimem.ld_reduce, Y8 TP rank B9%kiE RnE| FP32,
# XEAE GEMM BEMEBEEZRKE rank reduce-scatter B W1E4
assert x.element_type == BFloat16 # YEI{X X BF16 @A
vec_type = ".v4.bf16x2"

ptr = x.iterator.toint(loc=loc, ip=ip).ir_value(loc=loc, ip=ip)
asm = (
"multimem.ld_reduce.relaxed.gpu.global.add.acc::f32"
f"{vec_type} {{$0, $1, $2, $3}}, [$4];"
)
# NBOCZRRE 4 /S Int32, EHANME/R reinterpret B BF16x4 RE
struct = llvm.inline_asm(
llvm.StructType.get_literal([Int32.mlir_type] * 4),
[ptr],
asm,
"=r,=r,=r,=r,l",
has_side_effects=True,
loc=loc,
ip=ip,
)
vec = vector.from_elements(
ir.VectorType.get([4], Int32.mlir_type, loc=loc),
(
llvm.extractvalue(Int32.mlir_type, struct, [i], loc=loc, ip=ip)
for i in range(4)
1,
loc=loc,
ip=ip,
)
ssa = cute.TensorSSA(vec, 4, Int32)

y = cute.make_rmem_tensor(4, Int32)
y.store(ssa)
return cute.recast_tensor(y, x.element_type)

class Sm100GemmRsBF16:
"""SM100 BF16 GEMM + @& TP reduce-scatter 8§ CuTeDSL AN#Z,

A CTA ) tcgen05 IHE LR 2 tmem -> shared -> multimem.ld_reduce
#1285 N NVLink X#RA%F, MR [GEMM + reduce_scatter] FREF
ER—RRAZB,

def _init_ (
self, rank: int, num_ranks: int, BN: int = 128, cta_group: int = 1



) -> None:
self.rank = rank
self.num_ranks = num_ranks
BM, BK = 128, 64
self.cta_tile = (BM, BN, BK)
self.cta_group = cta_group

# MT\EAZAGFEEEFEH pipeline MEEK
smem_bytes = get_smem_capacity_in_bytes()
self.stage_size = (BM + (BN // cta_group)) * BK * 2
self.num_stages = smem_bytes // self.stage_size

vlim/models/kimi_k3/nvidia/model.py

HEEAAND: maybe_init_gemm_rs o BHEES £/AEMN, KimiMLP/KimiMoE #%
can_shard_sequence_parallel 5 run_gemm _rs £33N forward 2%, [EBEE SP
reduce-scatter B shape & X,

# vllm/models/kimi_k3/nvidia/model.py

def maybe_init_gemm_rs(vlim_config: VIImConfig, use_sequence_parallel: bool) -> bool:
# opt-in FFk, BRIAXE; EIF/EE VLLM_KIMI_K3_GEMM_RS BHA
if not envs.VLLM_KIMI_K3_GEMM_RS:
return False

parallel_config = vlim_config.parallel_config
tp_size = parallel_config.tensor_parallel_size
# A RRE: E—FATHERS AR EFER A AOE GEMM + NCCL RS
if not use_sequence_parallel:
reason = "sequence parallelism is disabled"
elif parallel_config.use_ubatching:
reason = "ubatching is enabled"
elif vlim_config.model_config.dtype != torch.bfloat16:
reason = "the model dtype is not BF16"
elif not current_platform.is_cuda():
reason = "the device is not CUDA"
elif not current_platform.is_device_capability_family(100):
reason = "the device is not SM100-family"
elif not 1 < tp_size <= 16:
reason = "TP size is not in the supported range 2-16"
elif 128 % tp_size 1= 0:
reason = "TP size does not divide 128"
else:
reason = None

if reason is not None:
logger.warning_once("GEMM-RS was requested but is disabled because %s.", reason)

return False

from vlim.models.kimi_k3.nvidia.ops.cute_dsl.gemm_rs import init_gemm_rs



config = vlim_config.model_config.hf_text_config

init_gemm_rs(
max_M=vlim_config.scheduler_config.max_num_batched_tokens,
N=config.hidden_size,

)
logger.info_once("GEMM-RS is enabled.")
return True

class KimiMLP(nn.Module):
def forward(self, x):

if self.shard_sequence_parallel:
# B8 rank RFEAERESFH B T token, TEL all-gather
# 2 token &, HitE AN rank 8 partial
x = sp_all_gather(x)

gate_up, _ = self.gate_up_proj(x)

x = self.act_fn(gate_up)

if self.run_gemm_rs:
from vlim.models.kimi_k3.nvidia.ops.cute_dsl.gemm_rs import get_gemm_rs

gemm_rs = get_gemm_rs()
# should_run & M>=128 HIBAR: /MM TEZL (GEMM + NCCLRS) ZEik
if gemm_rs.should_run(x):

return gemm_rs(x, self.down_proj.weight)

x, _ = self.down_proj(x)

if self.shard_sequence_parallel:
# WOERRIZR: reduce-scatter Kfnk 875 H 5
x = sp_reduce_scatter(x)

return x

Wi AL

AR PR ZEBAIFE ALY, maintainer simon-mo BEIEHMAE (stamp) . E—SZF M review
KB BaMEHLE A depthfirst-app[bot], % gemm_rs.py BI#RFAEE: assert 0 < M <=
self.max_M & Python -O / PYTHONOPTIMIZE TR, mAZE ANERZE AR/
NVLink XMF#RABZES®, & M HEiE max_M SBFRS AFH TEEREIFRE rank GPU W& ;
should_run() R&EETH M>=128, RAEHTCLREF. NLEAZNKAER if/raise, 5K
7 E H P AE 3R Raise (not assert) so the check survives python -O Bt R, —3K, ZIEINE
PR &HRARBINRBERRALEE, BTFRERNRERER,

. assert ERIEEFE Python -O T4, "EEBAE NVLink X#RAHE (correctness): 22X
3 assert ¥R B R if/raise, SRBEF other #3REY "Raise (not assert)" &= —3K,
PR B&¥#, REIHMZEARANRBEBERIALEE, XFETERXHA,

PNESE-A



- R

1. BMARENHAE (gemm_rs.py) : assert 0 < M <= self.max_M & python -O T %2k
, M BRRABZPXE TS E NVLink XHRAF, BRATAE TP rank, opt-in BRIAX
BT AR, E—ERAE MNBT RESFEMTREL AL,

2. IRIEBARKE: RNARIREL torch.distributed. symmetric_memory (5238 API) 5§
NCCL_NVLS, #ZXKFrAE TP rank Z£[E— NVLink #; maybe_init_gemm_rs REERE
BRE, TERIBETAINES,

3. A XIEXMNEE (model.py) : KimiModelForCausalLM.forward X
hidden_states.shape[0] == M JRZE & &£ reduce-scatter, K& GEMM-RS iR [E R,
AR B shape iEEX: # should_run 72 CUDA graph EfIREIE M e %,
A G NEESN

4. ZHEFH: B GPU Ein&x K max_num_batched_tokens x 7168 x 2 bytes BIXFRNF
I/EX, MNBT=32k B4 448 MiB, KV cache M 39.99 GiB B ZE 39.78 GiB,

5. MRBEAM: 2ARNMRREZE 2 GPU 5% shape, TP16. A M. BN=256 5§
% rank fTARZR DRI, - FM: FAF: RATZL2EL®E (opt-in) , BRAEIX
SM100 + BF16 + TP 2-16 B E— NVLink 3EFEERK, F4R#EN B HERHFH
EM warning, XtPEgE: prefill X batch & TPGS ##HA 6.5%-8.2%. TTFT FH4
5%-6%, /N M (decode ZfEER) BayEBREAL, MHEPF: JET CuTeDSL + XA
HFHINAZEREHE (mbarrier. to_cta0_smem) , KEKkE GEMM-AR Zmb&3B(s NAZE
B&, 183| N\ CUTLASS JRAL SM100 #FZE 4P BRA, X Cl: #3E distributed KKK
R, ®E SM100 XFEHR. - NARIE: assert LREE -O FTLRK, 1X
SM100 + [ NVLink 3= , K& 25 symmetric memory API, RAZINRE Z= AR

(2 GPU) , opt-in BRIAX

RERIREE

« PR #51653 [ROCm] Enable V2 model runner for Kimi-K3 on ROCm: [EJ/& Kimi-K3 f&#&!
X &, HR Kimi-K3 B9E/TF 65 W% gating, A8 PR #—3 7 NVIDIA SM100 £
¥ RAZEEAN,

« PR #52171 [Bugfix] Declare SupportsEagle3 on KimiLinearForCausalLM: &4
Kimi-K3 #&£#& (KimiLinearForCausalLM) B9THRME S, H£F nvidia/model.py 57 5|FH4T
ETX, SRZSHNER SRS,

« PR #52210 [CI Failure] Fix CUDA wheel build for the Kimi K3 fused MLA kernel: @}
Kimi-K3 # fused kernel 8% CI £&, 54 PR 5| AWHF AZREE Kimi-K3 RNZES
[,



