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PATHRE

- —&]iE: Kimi-K3 Z# DCP f##0, EHENRNE A2A KigiRE

- EDE: ERFIR, BWERKIZLRIT: dep_utils.py # _DirectDCPWorkspace 8y
FAKRFRE X + epoch FEEMEANE (CUDA-graph Z&BI%5) |
dep_direct_a2a_lse_reduce.cu H% shard JR3mIERS 5 K 57 3m FAX E Bkt 9 —BRIE1R T
mla_attention.py B align_mla_chunked_context_workspace_size 30 A lcm 3355 R b
W& DCP 23%5 graph padding, XitREBAKRRE LHA DCP TR, XEBRK
TENSE LI,

THHES BAL

PR body ER#3E HiXZ Follow-up to #50000 adding decode context parallelism for
Kimi-K3, B#rZib Kimi-K3 8yft& MLA BX#F DCP, HiEN BEEXNRAFRESRBERKN
NCCL A2A / AG-RS B&12, AHBIMEEXTELE R DCP8 & c1 #&F TPOT 0 13.806ms &
3| 10.544ms. HBM & HE 7.17% EERER] 1.10%, #£F KV ZERAHN 10 &, R
GSM8K SEFEM 96.21% 1#FAZF| 96.97%, RIEFNEFHFBIAZOEHH. Issue T HA IMRA
FifEE&HHit %5 DSpark AVER B FREME, WHHIZAREA R RHIIMERE K.

SCIN AR AR
SHWE 5 N BRI

1. BHEEEXNTRAGE DCP EmEH: F3E viim/v1/attention/ops/dep_utils.py (24 740 4T)
, 53| N\ MLADCPManager %£—%& 32 query gather. KV gather 5§ A2A combine;
_symm_mem_spans_group 3#3¢ torch.distributed._symmetric_memory Ml NVLS
multicast B&41; direct_dcp _enabled / direct dcp _multicast_enabled SZELI]H%;
vliim/envs.py ## VLLM_USE_DIRECT_DCP_A2A /
VLLM_USE_DIRECT_DCP_Q_GATHER / VLLM_USE_DIRECT_DCP_KV_GATHER =Z&7F
% (auto / force / disable) , ZRIA auto,

2. Kimi-K3 @& MLA E# A DCP: vlim/models/kimi_k3/nvidia/mla.py #&FFJR K
decode_context_parallel_size <= 1 BI¥FE, X2k prefill CP 5 RoPE+DCP A &;
dcp_world_size > 1 Bt#3# MLADCPManager, decode B427E forward_maga R
query_gather. ZJEWAH combine, prefill B chunked-context 2&E
_context_parallel_compute_prefill_context #E& KV gather,



3. A MLA BER&12%—: vlim/model_executor/layers/attention/mla_attention.py Mk
cp_lse_ag out_ar / cp_lse_ag_out rs / dcp_a2a_lse_reduce Z&o8a X, FH—UkkZ|
dcp_manager.combine; #F3E align_mla_chunked_context_workspace_size, %
lcm(block_size, dcp_size * cp_kv_cache_interleave_size) X3 chunked-prefill
workspace, 1RiE DCP 433485 CUDA graph padding #%;
build_mla_chunked_context_metadata 5 sparse_mla_attention.py R 3&E(E
dcp_manager,

4. ¥ CUDA RAX: csrc/libtorch_stable/attention/dep_utils/ T #3E
dcp_direct_common.cuh, dcp_direct_aZa_lse _reduce.cu. dcp_direct_g_gather.cu.
dcp_direct_kv_gather.cuo A2A WS rank 8 head Y155 LSE EHEE XN peer BT
MEHKX, FA epoch A EEAEESETEME rank FH; & KV shard FERIHHMIE LSE
AR -inf, JHFIRMMARE BRI TAREXRIR; query gather § KV gather £ NVLS
multicast B3%, fT/LAIARHE 16 FRXFFRER NCCL, CMakelists.txt #HEEHRFmFE
TTo

5. MERBLE: 3 tests/distributed/test _dcp_direct_aZa_lse reduce.py (1077 4T, BZ=
FF 21142, multicast M. g/kv gather §5E IR ITEL)
tests/distributed/test_kimi_linear_context_parallel.py (TP2 %%k vs DCP2 3% 3|3,
logprob 2% <= 1e-2) . tests/vl/attention/test flashinfer_mla_dcp.py;
tests/distributed/test_dcp_aZa.py ¥ 74& shard NaN/-inf #5345 CUDA graph padding
LSE A#l,

R

« vlim/v1/attention/ops/dcp_utils.py (#3k DCP TE; 2.5 infra; & & infrastructure;
5 MLADCPManager, _symm_mem_spans_group, _direct_dcp_enabled,
_direct_dcp_multicast_enabled) : $3EHEHE DCP ARl S MLADCPManager %4t
— &3 query gather. KV gather. A2A combine, UR = XI1EE NVLS multicast
TN, REL DCP BAAE FX,

« vlilm/models/kimi_k3/nvidia/mla.py (#£3k K3 3Z&H; 5| source; & core-logic; #&F
B MultiHeadLatentAttention.init, MultiHeadLatentAttention._attention,
MLADCPManager, query_gather) : Kimi-K3 & MLA B8 DCP F#EL: KT decode
CP [R#|. ¥Z dcp_manager. ¥ decode 5 chunked-prefill ®&L#EEN gather 5
combine, ZA& PR ZhREZEHABBEMAD,

« vllm/model_executor/layers/attention/mla_attention.py (#3k MLA BE; 35| source; 2
A core-logic; %5 align_mla_chunked_context_workspace_size,
build_mla_chunked_context_metadata, MLADCPManager,
determine_chunked_prefill_workspace_size) : i@ MLA BEEH#: ¥ =%F DCP L&
#Z % —3| MLADCPManager.combine, #1338 workspace XI55 &%, ®"HATA MLA &
A, ZEXEZRAIREK,

« csrc/libtorch_stable/attention/dcp_utils/dcp_direct_a2a_lse_reduce.cu (¥ DCP W%
: KB other; A& dependency-wiring; &% dispatch_output_lse_kernel,
signal_kernel, wait_lse_combine_kernel, direct_dcp_a2a_lse_reduce) : EEXNHRANHF
DCP A2A B9 : & KV shard JRIEIEAL, epoch FRFEMLE . exp2 LSE I E



&, BEANMERERANKE LI,

. tests/distributed/test_dcp_direct_a2a_lse_reduce.py (13t DCP MRk ; 25| test; L&
test-coverage; 45 _has_multicast_support, _q_gather_reference,
_assert_qg_gather_matches_reference, TestDirectDCPGating) : 1077 4TEIARINALN I,
B, BE direct DCP &FF %11, multicast #M. JUFEIARES, LA query/KV gather
552 IR, BRIEHFTEMIRETEE N X,

. tests/distributed/test_kimi_linear_context_parallel.py ({3 K3 MiRk; 27| test; LR

test-coverage; 5 _make_tiny _overrides, _run_tiny_model, test_kimi_linear_dcp_tiny)

: Kimi-K3 DCP B93mB 3R IEFPMENIR: TP2 £k vs DCP2 *ttk token 5 logprob &%, H

BIEA PR BIER RITA,

tests/distributed/test_dcp_a2a.py (B3 A2A MR; FF| test; HA test-coverage; &

= test_empty_shard_ignhores_undefined_output,

test_ag_rs_masks_empty_shard_and_padded_lse,

test_empty_seq_lens_ignore_undefined_output) : ¥#8 &% shard 5 CUDA graph

padding & TH LSE 5Kk 2 X BRG], BE commit 76b2edd45e HMEIER

FRo

vlim/v1/attention/ops/common.py (#3& CP TE; 25| infra; & infrastructure; &

5 mask_dcp_empty_shards_) : #3¥ mask_dcp_empty_shards_, A NCCL / AG-RS [E

REZIZIRAEE KV shard B9 LSE #85, 5§ CUDA WAZBYRIGIEID I BRI IRFE,

viim/envs.py (#3 FREZE; KA source; E£H configuration; K5

VLLM_USE_DIRECT DCP_AZA, VLLM_USE_DIRECT_DCP_Q_GATHER,

VLLM_USE_DIRECT_DCP_KV_GATHER) : J¥#ft VLLM_USE_DIRECT_DCP_A2A /

Q_GATHER / KV_GATHER =ANZ=ZSHIRLE, REEE DCP BN R AR, ZI;HREMN

BIIEAE,

« vlim/model_executor/layers/attention/sparse_mla_attention.py (83 #FBE MLA; 5|
source; £ core-logic; &5 align_mla_chunked_context_workspace_size,
MLADCPManager, init_kv_gather) : sparse MLA B2 AN DCP: £ workspace
X EEkFF @ metadata B E dep_manager, RIE VLLM % —4 MLA SEE A SZBLAK
A PR %&T,

XS MLADCPManager, DirectDCPA2AWorkspace.lse_reduce,
DirectDCPQGatherWorkspace, DirectDCPKVGatherWorkspace,
get_direct_dcp_aZ2a_workspace, get_direct_dcp_qg_gather_workspace,

get_direct_dcp_kv_gather_workspace, reserve_query_head_storage,
align_mla_chunked_context_workspace_size, mask_dcp_empty_shards_,
build_mla_chunked_context_metadata, MultiHeadLatentAttention. attention,
MultiHeadLatentAttention.init, wait_Ise_combine_kernel, dispatch_output_lse_kernel,
signal_kernel

K BEIRAD Fr B
vliim/v1/attention/ops/dcp_utils.py



P B4 DCP ERRHAZ N : MLADCPManager —& 32 query gather. KV gather.
A2A combine, MR Z=AIF#11#E5 NVLS multicast #50, B % DCP BZ2HAE PR,

class _DirectDCPWorkspace:

# HAMMABTEIERX: —XK rendezvous L rank FE,

# E48E/ ubatch E A AEN, BRABRLES S,

def __init_ (self, group, device, num_ubatches):
self.group = group
self.world_size = group.size()
self.rank = group.rank()
self.device = torch.device(device)
self.num_ubatches = num_ubatches
# FAS ubatch —/> epoch iH#k 5, BESETELIEAN - EFRN
self.epoch = torch.zeros(num_ubatches, dtype=torch.intb4, device=self.device)
self._allocations = ]

def _allocate(self, shape, dtype):

# XRAF + rendezvous, BEF|R rank FEESE peer BymsmiE
storage = symm_mem.empty(shape, device=self.device, dtype=dtype)
storage.zero_|()
torch.accelerator.synchronize()
handle = symm_mem.rendezvous(storage, self.group.group_name)
assert handle is not None, 'DCP symmetric memory rendezvous returned None'
handle.barrier()
views = [

handle.get_buffer(peer, list(shape), dtype, 0)

for peer in range(self.world_size)
]
# Wit E peer_ptrs: 3 [4F peer & ubatch B data_ptr] RE(EL,
# ARMREERNTEAZREFX, TEEAKRRREEN
peer_ptrs = torch.tensor(

[[view[ubatch].data_ptr() for view in views]

for ubatch in range(self.num_ubatches)],

dtype=torch.int64,

device=self.device,
)
self._allocations.append((storage, handle, views))
return storage, peer_ptrs

vlim/models/kimi_k3/nvidia/mla.py

Kimi-K3 Bt& MLA BB DCP £#:4k: WIT decode CP [R#l. Mz dcp_manager. &
decode 5 chunked-prefill &N gather 5§ combine, £ PR ZhAEsEHpERIMA D,

# -— Decode: latent multi-query attention (DCP 3##E%k) -—-
if num_mqa_tokens > 0:
mqgad_g_nope, mga_g_pe = g[:num_maqa_tokens].split(
[self.qgk_nope_head_dim, self.gk_rope_head_dim], dim=-1
)
# BMM1: absorb g_nope into latent space. (N,B,P) x (N,P,L) -> (B,N,L)



gl_nope = torch.bmm(mqga_g_nope.transpose(0, 1), self.W_UK_T).transpose(0, 1)
# Fused: concat mga_g = [gl_nope | q_pe] 35 AL T1%&#F (#X launch)
mqga_q = self._decode_concat_cache(
gl_nope, mga_g_pe, kv_c_normed[:num_maqa_tokens], k_pe[:num_maga_tokens],
rope_positions[:num_mgqa_tokens] if rope_positions is not None else None,
cos_sin_cache, slot_mapping[:num_maga_tokens],
)
# DCP FFRait, &3 rank B9 query & head 4 gather IR&F query
if self.dcp_world_size > 1:
assert self.dcp_manager is not None
assert self.dcp_manager.query_gather is not None
maga_g = self.dcp_manager.query_gather(mga_qg)
latent_out, Ise = self.impl.forward_mqa(
mqa_d, self._attn_read_kv_cache(), attn_metadata, self
)
# forward_mqga RE/E, FA LSE ¥ rank 10X combine, BHIT W_UV L#%%
if self.dcp_world_size > 1:
assert Ise is not None
assert self.dcp_manager is not None
assert attn_metadata.decode is not None
latent_out = self.dcp_manager.combine(
latent_out,
Ise,
seq_lens=attn_metadata.decode.seq_lens,
query_start_loc=attn_metadata.query_start_loc[: atth_metadata.num_decodes + 1],

)

self._v_up_proj(latent_out, out=attn_out[:num_mqga_tokens])

vlim/model_executor/layers/attention/mla_attention.py

A MLA BEM: ¥ =% DCP Hiim&ZE % —35| MLADCPManager.combine, F##73%
workspace XFRE, HUWEFTAE MLA R 2 XS & AR K5,

def align_mla_chunked_context_workspace_size(
vlim_config: VIImConfig,
workspace_size: int,
) -> int:
# chunked-prefill 8 workspace &E & # ER /N FA X :
# 1) KV cache block 3 # (cache_config.block_size)
# 2) DCP 3 K: dcp_size * cp_kv_cache_interleave_size,
# BE/NAEEK lom FRRERAEE, BRE rank 43R5
parallel_config = vlim_config.parallel_config
alignment = vlim_config.cache_config.block_size
if parallel_config.decode_context_parallel_size > 1:
alignment = lem(
alignment,
parallel_config.decode_context_parallel_size
* parallel_config.cp_kv_cache_interleave_size,

)
# EVEM max_num_seqs MERFTE B REA FITEK



workspace_size = max(
workspace_size,
vlim_config.scheduler_config.max_num_seqgs * alignment,

)

return round_up(workspace_size, alignment)

Wit A A
Review B8 =ZAMEAXERITIOA:
« mask_dcp_empty shards_ 5B ZX CUDA RABIX A : zyongye #1149 "I assume this
will never be called if we use custom cuda kernel?", &2 ZRHFARES T NCCL /
AG-RS ELREZHFHEERD, HENMRAFTEZSE CUDA RAZRTERGTEHK LSE -inf 4
, ZELRRRRAEK,
- FFREEBEHRZ%: zyongye BN VLLM_USE_DIRECT_DCP_A2A 12 BRIAESMUK
engine args; pavanimajety 38 H B8 —-dcp-comm-backend cuda-a2a, GirasoleY E
. "the kernel version has some limitation. The intent here is... None = auto, 1 =
force use, 0 = disable. Which I feel it's actually cleaner this way... but happy to
change." RARBE=FELTE, auto E multicast =T HERERIAFF B,
« ©FFREK: WoosukKwon AHEH B = "LGTM! Thanks for the offline discussion!”,
KEFITREEEZELT T
- mask_dcp_empty_shards_ 5 B & X CUDA WAZMERTH R (design): ZREBARE T
NCCL / AG-RS EREZ, BEHENRAREEZH CUDA WARTEIRM T LSE B -inf &
i, —EHRBREELR,

« H¥: DCP FXMEEH RN (design): RE=EZTEHE, auto &£ NVLS
multicast TTHABTBRIAFF B ; REKA engine arg,

« &1t %5 DSpark FE&EM#IE (question): PR &4 H WoosukKwon #tEESH (
LGTM! Thanks for the offline discussion!) ; DSpark &M R review PHBELS .,

R 5 B

R FEXNREPEATHES:

1. A MLA BRZOKRIZZE: mla_attention.py 2FTA MLA A (DeepSeek. Kimi %)
HEZWEIZ, dep_a2a lse reduce / cp_lse_ag out * =X %E—3|
dcp_manager.combine &, DCP xFBHAE AG-RS B3R, & MLADCPManager #¥&1t
M5 EmENLR—IK, "RERMIE DCP F=.

2. 1 CUDA RAZMBEAIREL: dcp_direct *.cu {&K# NVLS symmetric memory 5§
multicast, {X NVIDIA BERFRIETA; fp32 FAXZFFHN dtype KHIZELR,
get_direct_dcp_a2a_workspace FE force A\ F XA X #F dtype £ E#EM ValueError,
TR RHAIR S B RIBITHAR K,

3. CUDA graph X & : query &% X £ B{&#&i post-attention DCP combine I H¥ rank
HL: commit 76b2e9d45e BE T = shard LSE ##%t graph padding THEZ, B
PR body BR&X# GB300 FRERMIZITIA 7 /A return-LSE dtype BiE kMK (fp32 vs
fp16/bf16) , XLERAFIARITH G, NREKBOTIEXE,



4. %2 shard 5FRIB%IE: EHIFE A2A AT KV shard BT T 86 2R IR, JRADAN R
3 -inf #80 + JHFIRENER NE R ; epoch BETE#E trap MIEFFIRER, 1T IEH
Bz ARKEREZ, - ¥\ MAF: Kimi-K3 AP E NVLS FETF 2 DCP & w7 3%k4F
4 24% B TPOT T (c1 13.8ms -> 10.5ms) A%y 10 fZ&EF KV BRERA (1.9M
-> 19.7M tokens) , GSM8K EMERIFFEES; JE NVLS FFEFER NCCL, HHaERE,
A% chunked-prefill workspace X35# 85 MLADCPManager Bk ARA MLA ZEAER
e, JEERERIEN DCP R AEZEEIX, sparse_mla_attention.py 5 FlashInfer MLA
JEIRE W IERL Y gathered head HAET S BL. XHFA: #3E 3 NIRRT E. 4 A CUDA %
FHETA 5 AR, Cl E&E DCP2/DCP8 ZHEE, - NARD: BWEEAREZ
B, #3E CUDA W4, X NVIDIA NVLS =TH , CUDA graph XE R[S , FRIETEERIA
auto 1148 , % JaimEERIKH1IF ERME

KERIK L

« PR #50000 Kimi-K3 context parallelism BIE PR (FrEUREAFIFIRME) : PR body BAH
TBAIX E Follow-up to #50000, A Kimi-K3 3g4n decode context parallelism, & PR %
HER FANSTFEERE R,

« PR #48897 Direct symmetric-memory MLA A2A (Ar@REAMTEIFIRM) : PR body #tFH
A PR BRI RT #48897 MEENMRAR MLA A2A TAE, FHHE fused MLA
DCP. query gather. KV gather 5 direct-to-final 1ttt

- PR #50055 #&A PR B#p9SLH (Fr@UREM KM : PR body B%# This replaces
#50055, YHAA PR BIZFFATERIA RHRAVS.

« PR #51682 [Bugfix] [Kimi-K3] Give the AMD packed KDA decode kernel the
state-index stride: E— Kimi-K3 #& £ %89 AMD decode R#ZEE, 5K PR 8 K3 ’E
BABAZMEEE, R Kimi-K3 FEAKREES FEHTEE.



