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PAITHRE

« —AJ3&: K3 DSpark @& KV REEM, RRIBIRERA 4.5 F

 EME: ESFIR, EXT=KRITE: —ZE A MergedColumnParallelLinear +
shard_id EREMBAZTE NLAEERMERY, EA VLM ingEhS KR, =&
precompute_and_store_context_kv A TBEITHAFIRE + EERS X WS IRELME
+ TTHIE] KR, X base/head FE R FIHNERBHKRERR, =&
current_workspace_manager() BR& 5 buffer WEBFEIE N, FHRAITRIZIF
Kimi-K3-NVFP4 st/ £ &4 DSpark drafter, 1t PR 2 E#ZERIE.

THHES BAL

PR body ER#&14BA BAR: IHSZIE 5 x full projections -> compute Q + KV -> discard Q, #t
SLIZE 1 x fused projection -> compute only KV (fused kv), #Oail2EETUAN Q R
HE., BOREIRE, review F tirmchlsmth #— s ASRAE VLLM linear B +

QuantKey & 2 K3 B %I, LUEXFE HuggingFace Lt RedHatAl/Kimi-K3-NVFP4 %
benchislett 489/ 4 €1 NVFP4 DSpark drafter,

SRR

1. REMEFLRAKE (viim/models/kimi_k3/nvidia/dspark_mla.py) : #3EAELRR R %K
_duplicate_context_kv_weights(weights, num_layers), 7
K3DSparkForCausalLM.load_weights #%F AutoWeightsLoader.load_weights 324X
ER. HENELESL self_attn.kv_a_proj_with_mqga. RE, EREBITAEE
self_attn B9RERY, A weight.detach() £ #|—1% & E fused_weight.shard_id =
layer_idx, BRETZE| context_kv_proj.{param_name}, detach() {RIEE#EN (KR
data_ptr #£%) , shard_id it MergedColumnParallelLinear ByinEk B E EREIZH|Hf
¥, XEBNART base IRAMEEM fused_gkv_a_proj.weight & narrow H KV 5| &
torch.cat WFITHREZE, ERENRTLEMEEMEERY, EMRE (=
weight_packed. weight_scale) taEBEIL %,

2. EReEME (K3DSparkModel. init_ ) : ¥ context_kv_proj, LR K
MergedColumnParallelLinear(hidden_size, [kv_width] * num_hidden_layers,
bias=False, return_bias=False, quant_config=self.quant_config, disable_tp=True),
prefix E A% —FE layers.{start_layer_id}.self_attn.fused_gkv_a_proj, disable_tp=True
RIEEA TP rank 8 2EalAR., TEHBEE, kv_width = kv_lora_rank +



gk_rope_head_dim (K3 A 576) ,

3. EIERRIZ T precompute_and_store_context_kv MR context_kv_fusion_available
RENE ENERS X (base FRAFE quant_config IEERZEIRA fused_gkv_a_proj 3
EZHE Q%)) , MAENREERAANER build fused_context_kv_metadata IKEE 2
kv_a_layernorm.weight 5JUfAI&%k, FEJE E#E£E _precompute_fused_context_kv: —X
context_kv_proj(context_states) &= H2E KV ((num_ctx, L, kv_width)) , #FHE kv_c
5 k_pe EEE grouped RMSNorm 5 RoPE #E#t, A %% FLOPs M 5*2112 1TF&A
5*576 11, WMV 72.7%,

4. BHEEEMAL: MRFEIEN context_positions_repeated TR EC buffer (JREIR
max_num_batched_tokens ®IE %) , BKATE _precompute_fused_context kv HiEiT
current_workspace_manager().get_simultaneous(...) & H 153+ £ B workspace B#
, FRAXERE] num_layers * num_ctx NG RMEA,

5. MIRELE (tests/models/test_dspark_mla.py) :
test_k3_dspark_uses_replicated_markov_head 3&in MergedColumnParallelLinear #
recording dummy (make_context_kv_proj) , A config #:%& kv_lora_rank=3,
gk_rope_head_dim=1. A vlim_config #*M % scheduler_config.max_num_batched_token
s=16, BIE context_kv_proj B (8, [4]). disable_tp=True. prefix 23 IEMIE;
¥ test_context_kv_weights_are_loaded_as_merged_linear_shards, &y
weight_packed. weight_scale BIRRER, IIEEH|H A context_kv_proj REERRE
data_ptr 48R B shard_id IE#,

R

« vlilm/models/kimi_k3/nvidia/dspark_mla.py ({3k FEfEER: 29| source; LA
data-contract; 5 _duplicate_context_kv_weights,
_build_fused_context_kv_metadata, _build fused_context_kv_buffers,
_precompute_fused_context_kv) : JREZEEE4Z: 3 _duplicate_context_kv_weights 52
AR EAERAAEE N E 4|5 shard_id $Thr, FH context_kv_proj (
MergedColumnParallelLinear) , MMRFITHARE buffer SEMNER S X, BEEAE—
£ precompute_fused_context_kv, FH current_workspace_manager &R %I
positions buffer,

« tests/models/test_dspark_mla.py (#Ek ERUNRK,; K5 test; £R test-coverage; FE
make_context_kv_proj, test_context_kv_weights_are_loaded_as_merged_linear_shard
s, test_k3_dspark_uses_replicated_markov_head) : MREE: &
test_k3_dspark_uses_replicated_markov_head Wi & context_kv_proj BAtg:&E 5%k (5B
#JE. prefix. disable_tp) , FFFIE test_context_kv_weights_are_loaded_as_merged_|i
near_shards BIEMARE & #I3RA. shard_id 5 data_ptr £ZF,

XBEMFS . _duplicate_context_kv_weights, _build_fused_context_kv_metadata,
_precompute_fused_context_kv, precompute_and_store_context_kv, load_weights,
make_context_kv_proj, test_context_kv_weights_are_loaded_as_merged_linear_shards,
test_k3_dspark_uses_replicated_markov_head

KR BR



vlim/models/kimi_k3/nvidia/dspark_mla.py

JRED X BRIZ: T duplicate_context kv weights SZIAR EEEAEE N £ 45 shard_id 3T
#, FE context kv proj (MergedColumnParallellinear) , MIKFIHIRE buffer 5 &4k
B3RO X, BREEBAR%E—E precompute fused context kv, A
current_workspace_manager & 3E positions buffer,

def _duplicate_context_kv_weights(
weights: Iterablef[tuple[str, torch.Tensor]], num_layers: int
) -> Iterable[tuple[str, torch.Tensor]]:
"HEEE KV RYRERNREEEMEH context_kv_proj, "
for name, weight in weights:
# R EREAEMEE self_attn 8 fused_gkv_a_proj
yield name, weight
# RALIE MLA B9 KV #RERE, RBArieH
# layers.3.self_attn.kv_a_proj_with_mqga.weight_packed
layer_prefix, marker, param_name = name.partition(
".self_attn.kv_a_proj_with_mqa."
)
if not marker:
continue
layer_idx_str = layer_prefix.rsplit(".", 1)[-1]
if not layer_idx_str.isdecimal():
continue
layer_idx = int(layer_idx_str)
if layer_idx >= num_layers:
continue
# detach JEB#FT shard_id: MergedColumnParallelLinear B9imzk g
# 21K shard_id BEEREPHEANRIMHSZ], BEXREFRERME
fused_weight = weight.detach()
fused_weight.shard_id = layer_idx
yield f"context_kv_proj.{param_name}", fused_weight

def precompute_fused_context_kv(

self,

context_states: torch.Tensor,

context_positions: torch.Tensor,

context_slot_mapping: torch.Tensor | list[torch.Tensor | None] | None,
) -> None:

num_ctx = context_states.shape[0]

num_layers = self._num_context_layers

# —X KV-only GEMM BfX 5 JR&eE Q+KV GEMM: Xt K3 M1 & &EATEM
#5*2112 F£4 5*576, A 8% FLOPs B4 72.7%

all_kv = self.context_kv_proj(context_states)

all_kv = all_kv.view(num_ctx, num_layers, self._context_kv_width)
all_kv_c = all_kvl[..., : self._context_kv_lora_rank]

all_k_pe = all_kv[..., self._context_kv_lora_rank :]

# Layer-major #Efik 2-D RMSNorm #REE#EA grouped kernel B



# AN ERBER ML —4T
all_kv_c = all_kv_c.permute(1, 0, 2).contiguous()
all_kv_c_normed = torch.empty_like(all_kv_c)
ops.rms_norm(
all_kv_c_normed,
all_kv_c,
self._context_kv_norm_weights,
self._context_rms_norm_eps,

all_k_pe = all_k_pe.permute(1, 0, 2).contiguous()

all_k_pe_flat = all_k_pe.view(num_layers * num_ctx, 1, self._context_rope_dim)

# M workspace ¥#E H 1% positions buffer, BRAERNKEIFH

# context_positions_repeated KIRE %

(repeated_positions,) = current_workspace_manager().get_simultaneous(
((num_layers * self._max_num_context_tokens,), torch.int64),

)

repeated_positions = repeated_positions[: num_layers * num_ctx]

repeated_positions.view(num_layers, num_ctx).copy_(context_positions)

# 54 RoPE &% (& k_pe 5 1-D repeated_positions X3%) 5

# do_kv_cache_update 5 ANZE5BLA SZIARITF—K, WEREF

tests/models/test_dspark_mla.py

MIRBLE: ¥ B test k3 dspark_uses_replicated_markov_head ¥i& context kv _proj B9
A (MHEEE. prefix. disable_tp) , FHF3E test context kv _weights_are_loaded_as_
merged_linear_shards IEARE B IR, shard_id § data_ptr #£%F,

def test_context_kv_weights_are_loaded_as_merged_linear_shards():
weights = [
(
"layers.0.self_attn.kv_a_proj_with_maga.weight_packed",
torch.arange(4),

"layers.1.self_attn.kv_a_proj_with_mqga.weight_scale",
torch.tensor(0.5),

duplicated = dspark_mla._duplicate_context_kv_weights(weights, 2)
mapped = list(K3DSparkForCausalLM.hf_to_vlim_mapper.apply(duplicated))

# BENEBRERER—NEH T context_kv_proj BIBIA, T IERH

assert [name for name, _ in mapped] ==
"model.layers.0.self_attn.fused_gkv_a_proj.weight_packed",
"model.context_kv_proj.weight_packed",
"model.layers.1.self_attn.fused_gkv_a_proj.weight_scale",
"model.context_kv_proj.weight_scale",



# 0 REIA shard_id 1 0, & (RERES 1 BEIA) A 1
assert [weight.shard_id for _, weight in mapped] == [1, 0, 1, 1]
# detach() E4IRIEEFEN : BIASEREXZRE G

assert mapped[0][1].data_ptr() == mapped[1]1[1].data_ptr()
assert mapped[2][1].data_ptr() == mapped[3][1].data_ptr()

IR AL

FHEZOES K3 TEMAZERTNME BRG] BF, tirmchlsmth 7 PR review #
#ZX: Instead of just adding support for FP8 here, can we represent the GEMM as a
normal vLLM linear layer and dispatch based on a QuantKey?, EZ &M MIREEF K3 &
& (ERz: This 5 layer fusion is for k3 only, no other models will reuse the mechanism,
so I am thinking keep it as it is now, and do the refactor when there is a similar
structure?) , B E3|E X # HuggingFace B9 RedHatAl/Kimi-K3-NVFP4 KL K&
benchislett 148 Quantized NVFP4 DSpark drafters are also coming eventually, &%
KNZEXEMA MergedColumnParallelLinear BRA, FHiREFTRAVERES—F 1A (full
speedup N4 3.9 FAE 4.5~4.6 %) . BAXATAITR: FASIH weight INKREFERERET
HE S EMRE qweight 37R) —1EEFEBAEE.; positions buffer R

current_workspace_manager() KEe—A1EE BB £,

- BT AME linear & + QuantKey B K3 T BFIHNRE (design): RAEMA
MergedColumnParallelLinear + shard_id 7%, MREMNY 3.9 ZIRAE 4.5~4.6 12FF 3K
% APPROVED,

- f#5| A proj.weight BIEZXEFEBEALM (correctness): 1EEE & Nice catch, solved 3
BE.,

« positions buffer 2K current_workspace_manager (performance): B AIZEM
workspace HiE, BOEREIFEHE,

« 21t NVFP4 DSpark drafter B4/5 4L % (question): 4~ PR By
MergedColumnParallelLinear 2k3& A 21t drafter 383X QuantKey & 74 T Eal, BEIK
XEFBFEL PR,

R 58
« Qe

1. BILBRIZBETI: base BRATE quant_config EERREERIZREHRY, RKRZERE
BhA B2 UK MergedColumnParallellinear B9 E D% (QuantKey HL&|) ; #T
MR R &% quant_config=None B35, KRImFEIHIUE FPE/NVFP4 &1k checkpoint
T kv_a_proj_with_mqga fXE (weight_packed/weight_scale) 2 shard_id {15 8%k
BN, FEERVIRK,

2. RELBITEA: duplicate_context_kv_weights {&K# .
self_attn.kv_a_proj_with_maqa. ¥rit5 B S RIZBAMENT, & checkpoint 9 & T SEFERBK
NE#|, context_kv_proj FRREfRK&KHERD B XKLL,

3. vl REGIN: R SCEEFTE from viim.v1.worker.workspace import
current_workspace_manager, B E5 vl worker #84&, 3E vl HUTERE T REZ A,



4. BERSIERIR: 4.5~4.6 EHEERBIEENENMA (B300., #— shape &) , *

ffeRBR A IE, BEEHME TR GPU RIR; RE GPU 5§ num_ctx FhniRELw]
BEZEh, - B BwSEE&S T E K3 DSpark HEMARRD BEAZ

precompute and_store_context_kv 2t TFTX KV i‘ﬁl‘l’ﬁiﬂ’ﬁ&‘f—:‘i, A PR EHM 5 ke
ERFEA 1 R KV-only &8, A &% FLOPs B 72.7%, B300 ST & KkiRE

4.5~4.6 1%, TTEZEMRMEE token L3R, MEMMBAFE REFEIENRE S, FH

B RES; X K3 DUMNIRBI AT AR GBESIRE vilm/models/kimi_k3/nvidia/dspark

_mla.py R) . XHEFME, % PR {£EERSIRPIKEKE|IIrf

MergedColumnParallelLinear #2£) L, BT F&k#EAEM DSpark drafter (40

NVFP4) BUEELR A, (B[R WILRR B v1 workspace, e %P RIERIZMBE,

- NFetric: EHMEERREABR , mRISHMEERIIE , 1K v1 workspace, IRE £ AT

BUR

KRR EE

« PR #51253 [ROCm][Perf] Kimi-K3 Shard Latent MoE up-projection for ROCm path: [
B Kimi-K3 taethib 7% (K3 HAEKRZ) , BRFEEAR (ROCm vs NVIDIA) , {E5XK
PR #REM K K3 IR BEIFERMKE



