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« —4)iE: EM HiCache EERNA, 5IAGME page_first 5 =R

- WESME: EEFIL, ZOIRITER (staging buffer + relayout kernel + batched async
copy) = GPU 3| CPU it tay st R A £, S TRPRHA T layout Fikay b E ML RER
7, 3ZINKIT staged_write_back.cuh 8 batch copy & E % # Ao
memory_pool_host.py ¥ _init_write_back_staging_buffers #%&1tat#HL,

Th RES EAL

BA0EIRL #20611, #19737 %9, FA3 5 hicache kernel &4 SHIEEANE A (IMA)
, TEBHEFERAMREREN —-hicache-io-backend direct, [E Bt Mooncake Store & 17fiE )5 i
FE page_first AFUEZIMEFE N, K PR ERAMRBEM + cudaMemcpyBatchAsyne, %83t
IMA ], #EF®RA write-back PEE,

LI RE

1. 3 CUDA WAEXXH: % python/sglangl/jit_kernel/csrc/kvcacheio/ F#38
staged_write_back.cuh o relayout.cuh, SZIAMERE BZLZBEE,
staged_write_back.cuh & HiCacheStagedWriteBackKernel 2§, #|H
cudaMemcpyBatchAsync (CUDA 12.8+) 3THE RN ANFFEIN; relayout.cuh £,
layer_first 3| page_first 8 per-page E# M F kernel,

2. B3 JIT AR AB: 88K python/sglang/jit_kernel/hicache.py, &
_jit_hicache_module HEMHT kernel Xt (staged_write_back.cuh #a relayout.cuh)

, A launch_all_If pf staged #7 launch_all_mla_If pf staged P wrapper, ¥3g
NFFEER transfer_hicache_all_layer staged_If pf fn
transfer_hicache_all _layer mla_staged_If pf, &A1 chunk AEABENAR staged
kernel, &XA&3E staging page_capacity NI,

3. &£ EF| Host REM: 188K python/sglang/srt/mem_cache/memory _pool_host.py, §A
¥y staged &%k, £ MHATokenToKVPoolHost A7 MLATokenToKVPoolHost & #3g
_init_write_back_staging_buffers A%, A page_first i G4 BLiR&M staging buffer (
KEHN min(page_num, 64) T1) , & backup _from device all layer #, ¥ layout A
page_first B JIT kernel ([ Ait, @AM staged BZMIEIBINELE kernel B1Z,

4, BN RIS EMEFIE . (B0K python/sglang/srt/server_args.py, ¥
hicache_mem_layout BYBRIAMEM "layer first" B&A "page first", [F IR



_resolve_io_decode_attention_compatibility R & HE AR, BN staged BIERFABEE
decode attention /3% (0 FA3) fmEIRE| direct /5%,

5. M5 HEABE: FH benchmark/hicache/bench_hicache_write_back.py, #ft MHA
Fo MLA R B write-back MEEELLER (baseline vs staged) . ¥ %
test/registered/jit/test_hicache.py, #3% test hicache_page first_staged write_back_
mha #o test_hicache page_first_staged_write_back_mla Mk, BE L page count (
1, 63, 64, 65, 67, 128, 129) VU4RIEA R IEH,

R

« python/sglang/jit_kernel/hicache.py (3R JIT WN#%; 25| source; ER! core-logic; #&F
5 transfer_hicache_all_layer_staged_If pf, transfer_hicache_all_layer_mla_staged_If
pf) : F staged write-back &#, FMHIT CUDA kernel X, 2 JIT BAKIAO,

« python/sglang/srt/mem_cache/memory_pool_host.py (#3k W#&HM; 5| source; £H
core-logic; &5 _init_write_back_staging_buffers) : & staging buffer 4 -Etfo
staged write-back AR R, ZEFRIEEAO,

« benchmark/hicache/bench_hicache_write_back.py (&3 FEAEMR; 2B source; LEH
core-logic; 5 BenchRow, _make_page_starts, _make_token_indices, to_gib_per_s)
: ¥ benchmark BIA, & staged write-back MEREXTEL baseline, BT MEEEEY3,

. test/registered/jit/test_hicache.py (#3k MiR; K5 test; E A test-coverage; &5
_assert_page_filled, _run_page_first_staged_write_back_mha,
_run_page_first_staged_write_back_mla, test_hicache_page_first_staged_write_back_
mha) : ¥ RETNR, BE staged write-back ZEZ M page count L E T IEFME,

« python/sglang/srt/server_args.py (#£1k BE; 25| source; A core-logic; &5
_resolve_io_decode_attention_compatibility) : BRIAFREI#A page_first, MR FA3 3
AR, BITAZEMNAO,

« python/sglang/jit_kernel/csrc/kvcacheio/staged_write_back.cuh (#k CUDA W#%; 2%
3| other; £# dependency-wiring) : 3% 328 1T CUDA A%, 523N staged
write-back & kernel 8 cudaMemcpyBatchAsync 3,

X5 transfer_hicache_all_layer_staged_If pf,
transfer_hicache_all_layer_mla_staged_If_pf, _init_write_back_staging_buffers,
_resolve_io_decode_attention_compatibility

KBRAL B EX
python/sglang/jit_kernel/hicache.py

¥ staged write-back E#k, SEM#ET CUDA kernel X4, 2 JIT AAKAL,

# python/sglang/jit_kernel/hicache.py

@debug_kernel_api

def transfer_hicache_all_layer_staged_If pf(
k_ptr_src: torch.Tensor,
v_ptr_src: torch.Tensor,
src_indices: torch.Tensor,



dst_indices: torch.Tensor,

staging_k: torch.Tensor,

staging_v: torch.Tensor,

dst_k: torch.Tensor,

dst_v: torch.Tensor,

page_size: int,

element_size: int | None = None,

unroll: int | None = None,

block_qguota: int | None = None,
) -> None:

SMEEEE KV cache, M layer first (3R%&) ##A page first (host)

FRZEE chunk_pages (&% staging_page_capacity 7) , i3 staged write-back kernel
S2EX relayout + batch copy, B host buffer,
element_dim = staging_k[0, 0].numel()
element_size = element_size or (element_dim * staging_k.element_size())
block_quota = block_quota or DEFAULT_BLOCK_QUOTA
unroll = unroll or _default_unroll(element_size)
# EEURREN page HIAEHA token index
src_page_indices = src_indices[::page_size].contiguous()
module = _jit_hicache_module(

element_size=element_size,

unroll=unroll,

block_quota=block_quota,
)
staging_page_capacity = staging_k.shape[0] // page_size
# 4% buffer reshape A [tokens, layers, features] VA& kernel £:ZE2
staging_k = staging_k.view(staging_k.shape[0], staging_k.shape[1], -1)
staging_v = staging_v.view(staging_v.shape[0], staging_v.shape[1], -1)
dst_k = dst_k.view(dst_k.shape[0], dst_k.shape[1], -1)
dst_v = dst_v.view(dst_v.shape[0], dst_v.shape[1], -1)

# 4 chunk A kernel
for page_begin in range(0, src_page_indices.numel(), staging_page_capacity):
chunk_pages = min(staging_page_capacity, src_page_indices.numel() - page_begin)
chunk_tokens = chunk_pages * page_size
module.launch_all_If_pf_staged(
dst_k, dst_v,
dst_indices[page_begin * page_size : (page_begin + chunk_pages) * page_size],
staging_k[:chunk_tokens], staging_v[:chunk_tokens],

*

src_page_indices[page_begin : page_begin + chunk_pages],
k_ptr_src, v_ptr_src,
page_size,

)

python/sglang/srt/mem_cache/memory_pool_host.py



£ X staging buffer 2 BtAn staged write-back A KR, ELFRILBAD,

# python/sglang/srt/mem_cache/memory_pool_host.py
_WRITE_BACK_STAGING_PAGE_CHUNK = 64 # % chunk ;&% 64 T1

def _init_write_back_staging_buffers(self):

nnn

A page_first fi R BLIR &% staging buffer, AT E & relayout 58 KV cache,
XY layout A page_first B CUDA IRIEBTA Ko

self.staging_page_capacity = 0

self.staging_token_capacity = 0

self.staging_k_buffer = None

self.staging_v_buffer = None

# 3E page_first 5k 3E CUDA ¥3E T AL EL

if self.layout != "page_first" or (_is_npu or _is_xpu or _is_mps):
return

# RN pool B TTEK
self.staging_page_capacity = min(self.page_num, _"WRITE_BACK_STAGING_PAGE_CHUNK)
self.staging_token_capacity = self.staging_page_capacity * self.page_size
# buffer IR : [chunk_tokens, layer_num, head_num, head_dim]
self.staging_k_buffer = torch.empty(
(self.staging_token_capacity, self.layer_num, self.head_num, self.head_dim),
dtype=self.dtype,
device=self.device_pool.device,

)
self.staging_v_buffer = torch.empty_like(self.staging_k_buffer)

TSR A4

« BEEEEIR . gemini-code-assist[bot] 381 try_copy_page_first_pages_batch # ¥
first_page_bytes >= kLargeCopyThresholdBytes BtiR[El false 5TEA ENE (R4h 564 A
batch copy) . FEREEEE, EENLETHERAER,

« Benchmark 1M : gemini-code-assist[bot] ZiXFE bench_hicache_write_back.py ¥ ¥4
JIT kernel AT ARRE NaN fiIEE#E assert B, WUAFERSEE K benchmark,

« Kernel #%it3%3%: DarkSharpness # a2 & EE persistent kernel, 1BMHEKEE S A
SM, ZIEFIE persistent SZILAIRAS B 4F 11 HI T,

« X4 DarkSharpness B EKH hicache.cuh 352 AZ AN (W0 normal.,
relayout) FRAHTE X kvcacheio, PR SZFRFEXH#EEIT kvcacheio/ B EKHIZThEEIR 2

« Staging buffer &% : xiezhg-hermann 9] staging buffer & &M, EEMERF: XA
staging buffer B2 B8 direct B2, HE#EFEFER cudaMemcpyBatchAsync o3k SERRAR &
i, EE staging buffer /R FE] relayout &7,
« Batch copy BI{EZ4EE51% (correctness): RIAETTEHEAMA R, BRABELETREEMSIE

(FH—FHIN) o



« Benchmark @42 N (testing): MEERAMEE, (EXRMPURNIE)SEARED F 7 HEME KA.

- Persistent kernel ZM i (design): 1EB RALBEIER, EHRALAREXAIE persistent
S,

o XHHFREWK (design): PR SZFRHUT T 74, BEXHALRE| kvcacheio/ FEBE.

- Staging buffer ByLE M (question): /EE#ERE: BA staging buffer ®tZIH direct B&
12, T3S layout ¥#e, staging buffer 2B 89 8]£ %,

5 B
- RS

- BEFREM: staging buffer Fish & A device BF (8 chunk 64 71, &7 token %X
* layer * head_dim * 2 &%) , XFAERTREMBEREA,

« CUDA WRAEK: cudaMemcpyBatchAsync EE CUDA 12.8+, fEIBMRA CUDA &
ERE| fallback B&#42, *TREMERERAL,

 RIAFRZE: M layer_first ¥1#:3| page_first FREHMILAE AP E, HKH
layer_first BB =H £ K., B PR BN FEMKOENIE, (BHEKXT,

- FEEeM: init_write_back_staging_buffers EZ X2 T E2EFLEL? YaIARNLE R
81, 18 backup_from_device_all_layer ZE synchronized 34{m % FiafT, "TaEREL, B
staging buffer B MLEREZE R,

« T kernel IEFAME: relayout kernel o staged write-back kernel # % £ Z= a9t i+ 8 fo
MEFEN, FE2EHETNREIERLFT (BET %S page count MIREE) o

- AP BRIAREYIE] page_first, write-back MEEERA (LEKFF) , BEREZ
IMA [ E k. ERH#HREL AL CUDA RA = 12.8 UIIREREE A,

« 2% HiCache write-back B&f25E2FEH, |B direct BEARMREIEA fallback, BHF &
F¥Ehn staging buffer (29 64 pages * per page token #% * 2 layers * element_dim
*2FW) , NTHRAEREEZ,

- FRA: FRAL LM EFER (359 2| kvcacheio/ BX) , ETF 43, benchmark BAET
Ja M BB IR ER

« CL: FMRAF, EMREFEEM (nightly &3 120 #) , E#fk CI ZREE.

« RRRARE: RAORETE , BWARELE , B &AM , KRBT CUDA 4k

KRR EE
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