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MTRE

. —A)E: BB TAE MLA cache gather, raw copy 12# & & 331 &

< WEDME: EEEIR, XEHRANAERNERENEESHEN kernel ILER]: T
per-token BEIKZ X per-page 1%, BE _ shared_ %) #%. floatd mEfAn
FP8—BF16 &3 BE5 H, NEMFWE,; IEH benchmark_cp_gather.py REEIEAR
NEMREEN TR, BEIERE: —2HML review FEHAFLBRIRE int32 3 H iR
BAEASANRERATINGE, BNERIARTEMEE: PR EEk AL, — 2R PR EA
BRERIR eval, A ANEXRFZEINE DeepSeek-V4/Kimi-K3 E—#K prefill B9IER NS E
REF,

TN EES BAL

PR body B9 Why 2R2ERFFEH : “The raw gather launched a small batch/split grid of
1024-thread CTAs and walked long requests serially. The conversion variants repeated
request/block lookup per token and left memory transactions underfilled. These costs
dominate chunked prefill when requests have very different cached-context lengths.” B
JRA BN batch/split MM RA 1024 &2, KIERBBTER; BRTEEA token HEE
AR / $hE&K, AFEFSRAITH, FEKLTXEKERLHAH chunked prefill &
gather FFEER A, PR A FBAXZMEELT I, R$FF draft, HFEREARALRITHEEHFE
I

SKE7S:
TIFZUT 5 BRI

1. ARRAEREREM (csrc/libtorch_stable/cache_kernels.cu) : ##¢ GatherPageTask 45
5 map_gather_page_task BRRER, EL—HTEZEXMEFTRE (reg_id, logical_block,
TTAARK token SEE , fIE AR token), A CTA B —ANBEETL, block table TR
E—R; BRI AN B R page_token_begin/page_token_end EF—&KEKRZ, FE
E & token fallbacke =/NAA gather_and_maybe_dequant_cache_page.
cp_gather_and_upconvert_fp8 kv_cache_page. cp_gather_cache_page %—2& A
page E&5#EA, CTA WA __shared_ | #BEESAMIERE, BI% floatd MEREE /
HhE, FEHMKMAHAH prefill A% CTA geometry, raw copy f%¥
vectorized/scalar Ff# stride &LFEUEB ZEFHIKEDS K,



2. I AWKE (viim/model_executor/layers/attention/mla_attention.py)
_compute_prefill_context 5§ _context_parallel_compute_prefill_context #
cp_gather_cache B dst AAEA workspace BX A workspace[:toks], & FP8 upconvert
BAZERA A RATTE, LA B AR num_tokens A& —3K, B HIDTNE L
allgather 8 workspace B2 XK BEIEREL gather N,

3. EHMNERELE: tests/kernels/attention/test_cache.py ¥
test_cp_gather_cache_mla_large_uneven_sequences,
test_gather_and_maybe_dequant_cache_mla_large_uneven_sequences #n
test_cp_gather_cache_mla_with_seq_starts, &B#& 32K KKE. 17/71 FiE1ERBEH.
seqg_starts FF&. auto/fp8. ELFMIER, LMW, FEXFT stride 5EKEIEXK;
tests/kernels/test_cp_gather fp8.py #3¢ test cp_gather_fp8& large_uneven_sequence
s_with_starts, 3F FP8 upconvert By seq_starts Y1 5 S5#ESE TN —3K, FIENRER
& token WS E SIS AZME assert_close,

4. V[EREAE: I benchmarks/kernels/benchmark_cp_gather.py, W E single-60K.
single-300K. skew-2/4/8 3%, X ¥F --variant/--scenario/--dtype/--block-size/--entry-si
ze 54K, A triton.testing.do_bench M PR EREF R w R, ATEIA PR EFR
B 220x/331x #&3Rk,

5. Cl/ #32EE: .buildkite/test_areas/kernels.yaml ¥ Kernels Mamba Test #8BtM 40 4
iR 60 o8, RERIZ job 7 H200 35GB MIG Lk 909 NABIAE 42 25k, BM
HERELTEABNBERTEEES . INEKANEARRATEEXR, £ PR EXEMWH
Cl foREMEE,

P 3¢
» csrc/libtorch_stable/cache_kernels.cu (3% ZFRAZ; EA| source; A core-logic;

&5 GatherPageTask, map_gather_page_task,
gather_and_maybe_dequant_cache_page, cp_gather_and_upconvert_fp8_kv_cache_pa
ge) : BB EI XM =4 MLA cache gather AZ2IRRANIZZETESRAE, FE
GatherPageTask/map_gather_page_task, HF#MmEHLNESEIFEEY; MRERAF

review g H B9 X AR & R E I,

« vlilm/model_executor/layers/attention/mla_attention.py (3R 5EEAE; 2% source;
2R data-contract; &5 _compute_prefill_context,
_context_parallel_compute_prefill_context) : RARARPUKE: LBS5 LT XHTHS
#12d cp_gather_cache By dst A workspace XA workspace[:toks], & FP8
upconvert B35, FRIEAZMEMES num_tokens —3K,

. tests/kernels/attention/test_cache.py (R ZHEMIR; KB test; ER test-coverage;
45 test_gather_and_maybe_dequant_cache_mla_large_uneven_sequences,
test_cp_gather_cache_mla_with_seq_starts,
test_cp_gather_cache_mla_large_uneven_sequences) : ¥3¢ A& PR RE BN EHMEEE
0 32K ZARHAKIFER. seq_starts FFx. auto/fp8. ELFMIERGILHTL, AR
token SE I page MEHIH .

. tests/kernels/test_cp_gather _fp8.py (1Eik FP8 ##r; 5| test; FE A test-coverage;
5 test_cp_gather_fp8_large_uneven_sequences_with_starts) : *M7t FP8 upconvert



B2 seq_starts YTH S5 RHEAKIBERMIR, BE page FEERE FPE8—BF16 #1137
R TRIERE,

« benchmarks/kernels/benchmark_cp_gather.py (13 EEMRX; 25| other; H£&
benchmark; &5 make_page_table, make_cache_gather, run, make_fp8 upconvert) :
T E AW cp_gather RFIEEIA, BE 60K/300K 5 skew %3, PR 1
220x/331x BRI~ Y, BESMHEETFNEZTA,

« .buildkite/test_areas/kernels.yaml ({3t CI B¢&; 25| config; Z2£&! configuration) :
Mimr Cl faE MM 5 : Kernels Mamba Test &BEM 40 D512 =3 60 o8k, #H H200
MIG £ 909 MNABIA 42 2 ErHTEBCH,

X5 map_gather_page_task, gather_and_maybe_dequant_cache_page,
cp_gather_and_upconvert_fp8_kv_cache_page, cp_gather_cache_page,
make_page_table, make_cache_gather, make_fp8 upconvert,
make_maybe_dequant_gather, run_scenario, test_cp_gather_cache_mla_large_uneven_s
equences, test_cp_gather_cache_mla_with_seq_starts,
test_gather_and_maybe_dequant_cache_mla_large_uneven_sequences,
test_cp_gather_fp8_large_uneven_sequences_with_starts, _compute_prefill_context,
_context_parallel_compute_prefill_context

RPERAD B

csrc/libtorch_stable/cache_kernels.cu

O EI X : =/ MLA cache gather RS IR NIZREBETASAE, ¥
GatherPageTask/map_gather_page_task, HMEEHNSEHEEH; MHEERAT review 15
H B R QAR & PR b,

/I A CTA AT—ANEBEIUWEN gather 115
/I REEE—R block_table, BRBEZELLIE NZTUNFTA token JTR BI—XE entry,
struct GatherPageTask {
int32_t req_id; // EXKF &
int32_t logical_block; // &K block_table 1T EIZBIETT T #r
int32_t page_token_begin; // ATUSZPr#E N g92EREN (BB TLE, FREIHRLN)
int32_t page_token_end; // ARTUSLZFr¥E NI RAEM (FFX )
int32_t output_token_begin; // ¥tz %iH workspace BJ#EHA token
b

/I ¥ R—BESSHEE] (req_id, logical_block),
// has_terminal_start =% cu_seq_lens BIRIHIEX, ATFEAFRRGARAE,
template <bool has_terminal_start>
__device__ __forceinline__ bool map_gather_page_task(
int32_t task, const int32_t* _ restrict_ output_starts, int32_t num_reqgs,
int32_t total_tokens, int32_t block_size,
const int32_t* _ restrict__ seq_starts, GatherPageTask& page) {
int32_t relative_page = task;
for (int32_t req_id = 0; reqg_id < num_regs; ++req_id) {
/l BAMEREE token X[E]A [output_begin, output_end)
const int32_t output_begin = min(output_starts[reqg_id], total_tokens);



int32_t output_end;
if constexpr (has_terminal_start) {
output_end = min(output_starts[reqg_id + 1], total_tokens);
} else {
output_end =
min(reg_id + 1 < num_reqgs ? output_starts[req_id + 1] : total_tokens,
total_tokens);
}
const int32_t seqg_len = max(output_end - output_begin, 0);
/] seq_starts FEZBE, TRIMMEF NIRRT seq_starts LEFFIEER,
/[ AR EANZE T RERIRA T
const int32_t source_begin = seq_starts == nullptr ? 0 : seq_starts[req_id];
const int32_t first_block = source_begin / block_size;
const int32_t num_pages =
cuda_utils::ceil_div(source_begin + seq_len, block_size) - first_block;
if (relative_page < num_pages) {
/] SR ARIERINF relative_page T1, HEAXREICERE (REEEIHLT)
page.req_id = req_id;
page.logical_block = first_block + relative_page;
const int32_t page_begin = page.logical_block * block_size;
const int32_t copy_begin = max(source_begin, page_begin);
const int32_t copy_end =
min(source_begin + seq_len, page_begin + block_size);
page.page_token_begin = copy_begin - page_begin;
page.page_token_end = copy_end - page_begin;
page.output_token_begin = output_begin + copy_begin - source_begin;
return true;
}
relative_page -= num_pages;
}

return false;

}

tests/kernels/attention/test_cache.py

A PR REZNERMEREE: 32K ZRHAKIFEK. seq_starts FFX. auto/fp8. ELF#
HIRGIWHTL, £IWHZX token E LI page RAZHH,

@pytest.mark.parametrize('kv_cache_dtype', ['auto’, 'fp8'])

@pytest.mark.parametrize('use_seq_starts', [False, True])

@pytest.mark.parametrize('device', CUDA_DEVICES)

@torch.inference_model()

def test_cp_gather_cache_mla_large_uneven_sequences(
kv_cache_dtype, use_seq_starts, device,

# EINEFPERTFHPS: batch RAMBIERKEEZRHAK (17 /32768 / 71 token) ,
# block table A randperm T8 M3ER, fRIEELFMIET + EMIPo# N BRI WEE,
block_size, entry_size, num_blocks = 64, 576, 1024
src_cache = _create_mla_cache(

num_blocks, block_size, entry_size, torch.bfloat16, kv_cache_dtype, device



)

_fill_mla_cache(src_cache, kv_cache_dtype=kv_cache_dtype)

starts = torch.tensor([3, 17, 5], dtype=torch.int32, device=device)
seq_starts = starts if use_seq_starts else None
seq_lens = torch.tensor([17, 32_768, 71], dtype=torch.int32, device=device)
batch_size = seq_lens.shape[0]
cu_seq_lens = torch.zeros(batch_size + 1, dtype=torch.int32, device=device)
cu_seq_lens[1:] = seq_lens.cumsum(dim=0)
block_table = torch.stack(

[torch.randperm(num_blocks, device=device) for _ in range(batch_size)]
).to(torch.int32)

# 5ELIE token MEETHAMIY, HIERYIEREX T U,
# 5K EN—XRER NI ERZE R E,
expected_batches = []
for reqg_id in range(batch_size):
start = starts[reqg_id].item() if use_seq_starts else 0
source_tokens = torch.arange(
start, start + seq_lens[req_id].item(), device=device

)

physical_blocks = block_table[reqg_id, source_tokens // block_size].long()

expected_batches.append(src_cache[physical_blocks, source_tokens % block_size])
expected = torch.cat(expected_batches)

dst = torch.empty_like(expected)
ops.cp_gather_cache(
src_cache, dst, block_table, cu_seq_lens, batch_size, seq_starts,

)

torch.testing.assert_close(dst, expected)

AR
B 311k review (depthfirst-app[bot]) #txt csrc/libtorch_stable/cache_kernels.cu ##H 3
ZFie:

1. MEDIUM #%3%: cp_gather_cache_page (4 line 1351) 5§
cp_gather_and_upconvert_fp8_kv_cache_page (£ line 1306) %518 block_table RIX
HHIE page.logical_block < block_table_stride, mih#kRAZ
gather_and_maybe_dequant_cache_page Az ; X KM seq_starts =L
logical_block # 1 block table 1758, MMIRBUEEMIERRI|IHFRTLKXERF. bot EiX
B FHIRTFHEN has_task, HFBIBEE#E N FHiRATRE,

2. MEDIUM A5 EAGH : ELPIRERIZF page.output_token_begin (int32_t) x
entry_size_bytes (int32_t) 7 int32 THMFEF AL, FP32 entry (2304 FF) A&
93 77 token B, 1 PR B 28 skew-8 3 ®&1t 116 & token, & /EHFTIRE T
BES 3K dst A S, bot EiIXE static_cast H I,



3. A2 reviewer jeejeelee F#4 APPROVED, author 5 bot W Z B2 AR NEE; &
B 2 AN commit FHRAF I ETXFERBNE E,

« block_table #3#%: cp_gather_cache_page /
cp_gather_and_upconvert_fp8_kv_cache_page &’ block_table_stride t#&&
(correctness): bot I FRH M H AN has_task, #HAEIBkTH N HIRATRE; PR &A
BRI RAE S commit,

 BRESEAGHH 53K dst RS (correctness): bot N static_cast BIF; & ANEFNL
B,

Ao 5

- R
1. block_table #5%: cp_gather_cache_page 5§

cp_gather_and_upconvert_fp8_kv_cache_page &’ page.logical_block <
block_table_stride &2, & / L& seq_starts A=A MRILER KT, ZXHE PR
body B T32F|#9 #45537 (block-table bounds MMM E) 89A £ RMMK, AL
B EEIAAN; BREFERET chunk.starts B EEA K, BIENRNZEFETR
¥

1.int32 Feoxii . HLPREREZA int32_t & page.output_token_begin *
entry_size_bytes, FP32 entry #£4 93 7 token BisH, fiA PR WEEBEEZ 116 A
token &, HEMFE N, EELBEZMER intb4_t B9 dst_entry_stride i+&, EibiF
AR B 5 R AR

2. M MEIIEARE : PR BAHAE BA“Model evaluation was not run”, RAKHi
exact/reference kernel MR, MiXREBE T auto/fp8. seq_starts. shuffled blocks. &%
. REAKE. JEXST stride, (BEREEE GPU (GB300) L#Y kernel ke ; XK
/ RBEWEE X EAERREYT (LH DeepSeek-V3.2/V4 5 Kimi-K3 2 MLA #E#!)
MEZ A,

3. BIBEBEAWKE: mla_attention.py & cp_gather_cache B dst B&xA workspace[:toks],
5 issue 51252 #3iRHy sparse-indexer prefill buffer MEAR—3K bug &FR—I/FX;
R EE chunker 5 workspace ITHEBHEMA—K, FHAH BESKTHRFATHAEI
BN (B torch YIAARASHE, BiEX EE XK toks <= workspace 7%k o

4. MBELE LT EEIR: 220x/331x 27 NVIDIA GB300 EM{E#) median cold-cache
latency; ROCm/ HEAZEMIZA $3E, CTA geometry RMEK DTN, TEEEFEINESIFTA
Fa. - FSEEEPE MLA AR chunked prefill / & £ T XEHFIRERERZ:
cp_gather_cache. cp_gather_and_upconvert_fp8_kv_cache,
gather_and_maybe_dequant_cache & DeepSeek-V3.2/V4, Kimi-K3 & MLA ZEMEK
prefill BB EMMAAZ, raw copy # 60K ETFXIKME 220.7x. 300K ETFX 331.3x A
#%ZFERKE, FP8 upconvert £AFF (0.99x-1.10x) , maybe-dequant X%
1.39x-1.77x #&H, Nsight Compute B~ DRAM HFHIEI 75%-84% W&fE, MK ETFTX
TTFT #o chunked prefill W&ELA BEEF B, XA TS 2ERNMERMRAL, T API 1L
; SRS HHE T T EIM kernel benchmark fok £ T XEAMAR, & LERAZRALE L
BEEEHR,; EEANMRRBBA / SHEEERE £ RN ERF follow-up £ 8 KB T4



To - NRARD: BOARES , BFINAFE (block_table W FRERK) |, int32 ik
HREE |, RIBATHEB L eval, K T X MHERESURERR

RERIREE

« PR #51252 [Bugfix] Size sparse-indexer prefill buffer by compress_ratio for
DeepSeek-V4: PR body 8 Duplicate-work check BRF#$Z3|iZ issue 15 £
sparse-indexer prefill buffer R<; 574K PR BB cp_gather AR T/EX EmMEewk, B
# & DeepSeek-V4 chunked prefill B842 £,

« PR #45537 block-table bounds correctness fix (PR body #&%) : PR body 2%
#45537 & block-table R EMMEMBE; 54 PR KEH cp_gather A= EAX,
review bot W RIE H B KT N,

« PR #50484 [Kimi-K3] DCP support: i% PR Rk
vllm/model_executor/layers/attention/mla_attention.py 5 £ T XF4T workspace & ;
A PR ¥ _context_parallel_compute_prefill_context FU8 % cp_gather_cache B dst ]
F, —&FGEAMARMN CP gather 24,



