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PHATHRE

« —A]iE: MLA DCP $i@3¥ query £ 4%|BkiE all-gather #EfE

- ESE: % PR RITEW, LIRRZLERT REREEMFIRE, FEH DCP 2RE
DeepSeek ZF|ER R AES L, LucasWilkinson & HH

DCPGroupColumnParallelLinear FEMBENMHEARR T 0 F RS EEAFEE, E/ELEM
feature P E A, ZEIXFEEL linear.py BIFTESEZIA mla.py F 8 forward A %3Z 4,

THRES B

HRIE PR body: 'With Decode Context Parallelism (DCP) the KV cache is sharded across
the DCP group, so the standard MLA decode path all-gathers the query across the
group every step ... That all-gather sits on the decode critical path.' A T EBRIXANBERR
M, AT E & query projection KBkt all-gather,

LI RE

1. FTEIFBREE VLLM_DCP_Q_REPLICATE (envs.py) , BRIAXH,

2. 188 LinearBase #n ColumnParallelLinear 8§ __init__ (linear.py) , FEZ %N
tp_rank/tp_size 28, NBEX 2R HEHESE,

3. #3E DCPGroupColumnParallelLinear 3£ (linear.py) , %7 ColumnParallelLinear: ¥
group_size &F DCP world size (¥ grep RARK) , output ## tp_size // group_size
A8, MfEA DCP group A ranks £EE—10 2 query BHUNRE,

4. ¥E deepseek_v2.py B9 DeepseekV2Attention. _init__ #, RIE
VLLM_DCP_Q REPLICATE && DCP>1 && PCP<=1 %&3%(# A
DCPGroupColumnParallelLinear 2% #, ColumnParallelLinear ¥4 g_b_proj/q_proj.

5. & mla.py 8§ MultiHeadLatentAttentionWrapper.forward $4&0| dcp_g_replicate #r&
AR ESRRE group query (heads 33 LL group_size) , Ei¥ ._local_view(q)
P AH rank 89 view BT RoPE %, %% query /EA g_dcp_replicated £ X mla_attn,
FE mla_attention.py 8 forward_impl decode 0% %, % g _dcp_replicated FEZFHHE A
Z5EE query Faxt B W_UK_T_dcp_grep RREHAIT BMM, BRIEA K all-gather B&1Z,

K
« vlim/model_executor/layers/linear.py ({23 &4 E; 37 source; A data-contract;

Vi l=]

%2 DCPGroupColumnParallelLinear, init, _local_view) : #fig



DCPGroupColumnParallelLinear 2§, 48X LinearBase/ColumnParallelLinear #43& &%k
UXFBZ X tp_rank/tp_size 2%k, & query replication HZEE,

« vllm/model_executor/layers/mla.py (#i& MLA; 255 source; Z£# data-contract; #F
< forward, dcp_g_replicate) : 1&8& MultiHeadLatentAttentionWrapper B forward 7
%, #|FA DCPGroupColumnParallelLinear & grep /& R4 2 group query, M
T1£3 g_dcp_replicated,

« vlim/model_executor/models/deepseek_v2.py (&3 &R ; %7 source; LR
entrypoint; fF%5 grep_enabled, g_proj_cls) : H&#F VLLM_DCP_Q_REPLICATE. DCP
#n PCP g B ¥%3#%{# B DCPGroupColumnParallelLinear 3£ & ColumnParallelLinear /E4
query projection,

« vlim/model_executor/layers/attention/mla_attention.py (#3k 5EEAHE; 25| source;

KA core-logic; &5 forward, forward_impl, W_UK_T_dcp_qgrep) : £ MLAAttention

RN dep_q_replicate #r&. W_UK_ T _dcp_grep RRE, &8k forward/forward_impl X

UL g_dcp_replicated 7 decode BHE A NARE, Bk all-gather,

vlim/envs.py (#3k BE; 35| source; A configuration; &5

VLLM_DCP_Q_REPLICATE) : #3¥¢ VLLM_DCP_Q _REPLICATE ¥:3EZ &, 4| query

replication B9FF %,

. tests/v1/attention/test_mla_backends.py (#3k E3miR; 28] test; LA
test-coverage) : EE MR UREFHE decp_qg_replicate B,

*§2455: DCPGroupColumnParallelLinear.init, DCPGroupColumnParallelLinear._local_vi
ew, MultiHeadLatentAttentionWrapper.forward, MLAAttention.forward,
MLAAttention.forward_impl, DeepseekV2Attention.init

KELRAD B

vliim/model_executor/layers/mla.py

2% MultiHeadLatentAttentionWrapper 8 forward #3%, F|H

DCPGroupColumnParallelLinear 7 grep J&FE#iH 2% group query, Fm F{Eik
g_dcp_replicated,

RIFFEED group FEH query BREEAECESH)
g = q_prOJ_Iayer(q_prOJ_lnput) [0]
heads = self.num_heads
if self.dcp_g_replicate:
# dcp_qg_replicate BT, H#HEEHE TE group heads (BI heads * group_size)
heads *= g_proj_layer.group_size
g = qg.view(-1, heads, self.qgk_head_dim)

if self.rotary_emb is not None:
al..., self.gk_nope_head_dim :], k_pe = self.rotary_emb(
positions, ql..., self.qk_nope_head_dim :], k_pe
)

if llama_4_scaling is not None:



d *= llama_4_scaling

# R attn &L HAH view FoZE group query

g_dcp_replicated = None

if self.dcp_qg_replicate:
# 52 group query 1A g_dcp_replicated 1648 attn (FAF decode skip all-gather) ,
# q YIELAM rank AT AL F5% (AT RoPE §REREME)

g_dcp_replicated, g = g, g_proj_layer._local_view(q)

attn_out = self.mla_attn(
a,
kv_c_normed,
k_pe,
output_shape=(hidden_states.shape[0], self.num_heads * self.v_head_dim),
d_dcp_replicated=qg_dcp_replicated,
)

i B

B0 LucasWilkinson ZEIXEREFATH dep_kv_b_proj, BEIFEEHR kv_b_proj fEA
replicated &%, FEXRMNHEMN, £ kv _b_proj_local_heads HBIREELZ=A prefill
R Ao

BEFERASMEVANKE: MatthewBonanni /4% VLLM DCP_Q REPLICATE #Ri, RAE
1t GEMM BRZWEEIR, 1EEMRRE: X RIERIL AN LEE ColumnParallellinear, EMABRARE,

NEEHFH: MatthewBonanni Fi &% A% dep_world_size EHIRE, 1EEMER
group_size FR&|IBXAE grep_active=True IR E, XHEK group size=1, RZ=LEEINEH,

WITERN: LucasWilkinson StBRY DCPGroupColumnParallelLinear 44

ColumnParallellinear FEHNERLZI, BEZBRMKT PR BWIAEMH,

« B X EEIAT dep_kv_b_proj (design): tEEEM, #KRT dep_kv_b_proj, BH
_kv_b_proj_local_heads ##Bh& %) i AH heads,

- B/t GEMM B1Z2BINFE (correctness): /EE#IA X R 3RAL 9 38
ColumnParallelLinear, ELEIZFE,

« XA dep_world_size E#HIREWFFEE (correctness): YEESF group_size FRZE AXFE
grep_active BZE, XHE group_size=1, THSMEH,

« 2 RABL dcp_g_group_index 3B R EK (style): MEEREL T Z R 3K,

R 5 B

- QFe:
1. EZEEM: qrep BRMXEFE bf16 YR E (B source SHtH
NotImplementedError) , 1BERIAXHE, F"RIA A,
2. Backend 1&#E: qrep EE MLA backend % 3F DCP decode-LSE; B #IXAE
FlashInfer-MLA 3&iF, HA backend (#m CutlassMLA) B4 guard FRiE, TELEY
o



3. PCP ™% SZIEAHFEZE prefill_context_parallel_size > 1, #H5H T IFITREFRE

, BEREH,

4. MIRE = : &S EBIMEIRRRAI—4T layer.dcp_g_replicate = False, &RV grep /3
FABRIZ B ERRMR, 1B PR #M# T BENF N E B E R,

5. BGBRRTE . 88T LinearBase fo ColumnParallellinear #3& R $& 4, B S
POARBRIAMEF#RE, N, - ¥m: AP [RERBBA DCP (
--decode-context-parallel-size > 1) #n VLLM_DCP_Q REPLICATE=1 MB%E, XEA
AP LM, X DeepSeek-V2/V3/R1. Kimi-K2.5 & MLA #&! decode &HMIEFA

2-4% BREEEM.
A% FHIORRE, TRAMERER M, EMAMEESLY RMJEHRE,
HPA: ZRIHEN ERFRAOLGEEZABEX DA KRR) TARECLR TR ME

s

=
« RFEARD: OBRRE , BURBERS , RAXATFaRBA , MRABERE ,

Backend & #t

KERPKRZ
« PR #34018 RFC for DCP query replication: % RFC A& PR BB R ITITIE, BBEXA
BERETZRITER,
« PR #44044 FlashInfer-MLA DCP decode-LSE (in flight upstream): 4~ PR {R&iiZ
backend B DCP decode-LSE X#FIUE I MRELE,
« PR #43729 FlashInfer-MLA DCP decode-LSE (related): BEAE¥H ZAREE) backend X,



