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HATHREZE
« —A)3E: embedding &7 H2D/D2H #hEH#, HAEHIEALA 3-5 &K

- ESHE: BEEKEIE, transfer.cu 1 cudaMemcpyBatchAsync BIsHSIEN + ABI 2k +
% REBRAES, T1EAR sgl-kernel #3E CUDA ﬁ%ﬂ’]*%’ﬁ—"%'
embedding_cache_controller.py B it XIMEZEPITLHR] WESEEFIRZRER,
%3¥ embedding cache/EPD B TARVFZEIXIZ key_files TR, EAFE
_copy_embedding_page_runs 5 transfer_embedding_ranges_direct 852 523,

THRES B

PR body EA#AFE HJ& &.: The paged multimodal embedding cache may store one
embedding across multiple non-contiguous pinned-host page runs. Loading from or
storing to this pool currently submits one Tensor.copy_ operation per run from Python.
As the cache becomes fragmented, repeated Python dispatch and CUDA copy
submission reduce effective H2D and D2H throughput. [ 8368 84 RE £ A ELE WX
. Existing KV transfer kernels are tied to KV layouts and index-based gather/scatter
semantics, so they are not a good fit for copying contiguous embedding ranges. EItE

E—/NE[E embedding ELSTEMNTERE NE T,

SRR

1. ¥3E sgl-kernel MEEFEEF: & python/sglang/kernels/aot/csrc/kvcacheio/transfer.c
u #3E transfer_embedding_ranges_direct, %3 src_starts/dst_starts/lengths #e& &
BATETXHFTNIEHEF TR, ZEREFAASEEEBAA cudaMemcepyBatchAsync —&
MR ; X CUDA 13.0 IASZL TN (373 fail_idx £25) A disym shARNEFSHF
# runtime lRARDIR, FBTEZRFEAHER ROCm/MUSA/ |1B CUDA, @47 NULL .
IREHRR AR . cudaErrorNotSupported/cudaErrorCallRequiresNewerDriver 3% HE
RB|ZE L cudaMemcpyAsync, BLETE sgl_kernel_ops.h BBA. common_extension.cc 7%
M Torch schema, F+7E python/sgl_kernel/kvcacheio.py &5 Python $t3&,

2. TN EHEEF|EFHNFEFENITR]: embedding_cache_controller.py ¥&
build_transfer_buffers £ A build_storage_transfer_buffers ({3R%TF Mooncake
HhE GET/PUT 89 TH#8%t + FEHAR/N ), #3% _build_host_device_transfer_plan A&
token Z& src_starts/dst_starts/lengths, LA src_is_pool X4 H2D/D2H A M+ k¥
dst_token_offset,



3. %&— H2D/D2H # I A0 : ¥ copy_embedding_page_runs, ZEHFAE CUDA —N|BEF
TTHRMERMERERE, TNERS|RA copy f&EFF; load_to_device_async 5
_copy_tensor_to_pool ¥ AEAIZAL, AsyncCopyHandle BIE 4 / 58 XRIFFRE,
ERE AL try/except ImportError 5 torch.ops.sgl_kernel J& /P3N XX & H| b & F =
At

4. MERBLE: test/registered/unit/mem_cache/test_embedding_cache_controller.py &%
build_storage_transfer_buffers E#p& EITASER L entry 8§ H2D/D2H it XIBAFHE;
python/sglang/kernels/aot/tests/test_kvcacheio.py #13E
test_transfer_embedding_ranges_direct, ZEIEBRIA stream LIEIF H2D/D2H #tEF N
5 copy BE—K (ERE—NEEARTENEAFES) o PR body &M benchmark
AL F5) EPD XIEREHFRTIIE (F=% Local Hits=1) .

KB
« python/sglang/srt/mem_cache/embedding_cache_controller.py (#3k ZF3xH|g8; 25

source; A entrypoint; &5 build_transfer_buffers,
_build_storage_transfer_buffers, _build_host_device_transfer_plan,
_copy_embedding _page_runs) : XE AH: ¥ build_transfer_buffers 354 R GiE &+
5 host-device ¥ It RIFAXMEZE, FBH—FEINAD _copy_embedding_page_runs
3N load_to_device_async 5 _copy_tensor_to_pool, #EF T RAMFENE Python [
R,

- python/sglang/kernels/aot/csrc/kvcacheio/transfer.cu (#3k (ENA%; 25| other; 2
 core-logic; &5 transfer_embedding_ranges_direct) : CUDA #tE# N HEF L IAZ
R»: cudaMemcpyBatchAsync —k#E3. CUDA 12.8/13.0 ABI 4k, B3 / FE5HENS
ZREER, URERATEITRRE,

« python/sglang/kernels/aot/python/sgl_kernel/kvcacheio.py (R E-FH%&; K5
source; £ core-logic; &5 transfer_embedding_ranges_direct) : 1A Python & &#
HreusEitie, HEFERHSRRA; RIFSHA transfer_kv A% —EBYE XA

- test/registered/unit/mem_cache/test_embedding_cache_controller.py (3R & 2803

; KR test; £ A test-coverage; 5 test_build_h2d_copy_plan_for_fragmented_entr

y, test_build_d2h_copy_plan_for_fragmented_entry) : BZ

_build_storage_transfer_buffers B & BT A, FHITERF 1 entry 89 H2D/D2H ##

DLt R AR

python/sglang/kernels/aot/tests/test_kvcacheio.py (&3 WAZMIR; 25| test; KR

test-coverage; 45 ref_copy_embedding_ranges,

test_transfer_embedding_ranges_direct) : #3% CUDA EFMENIR: IEBRIAR EIIE

H2D/D2H #tE# 15 Tensor.copy_ &F—3K, BERASLESARTERK,

python/sglang/kernels/aot/include/sgl_kernel ops.h (#&3k NAZEBR; 25| source; %

A core-logic; &5 transfer_embedding_ranges_direct) : ¥

transfer_embedding_ranges_direct 8 C++ EBH, & aot kX5 ZIE P,

python/sglang/kernels/aot/csrc/common_extension.cc (13 E-F3EM; 5| source;

2R core-logic; &% transfer_embedding ranges_direct) : JEfft
transfer_embedding_ranges_direct 8 Torch library schema &5 CUDA dispatch, £



Python ¥ 3&3¥ torch.ops.sgl_kernel @AM,

XEFE: transfer_embedding _ranges_direct, _copy_embedding_page_runs,
_build_host_device_transfer_plan, _build_storage_transfer_buffers,
load_to_device_async, _copy_tensor_to_pool, ref_copy_embedding_ranges,
test_transfer_embedding_ranges_direct

RPERRD B

python/sglang/srt/mem_cache/embedding_cache_controller.py

ZTEAND: ¥ build_transfer_buffers I A EMEEFS host-device T RIF LM ZIFLE
, G —# N \O _copy_embedding_page_runs 3#:A load_to_device_async 5
_copy_tensor_to_pool, #EFRAMIFENSE Python EIR,

# BREEN: RAEER sgl_kernel IMEBEHEE T, BRASKKEIMETERA None
try:

from sgl_kernel.kvcacheio import transfer_embedding_ranges_direct
except ImportError:

transfer_embedding_ranges_direct = None

if transfer_embedding_ranges_direct is not None and not hasattr(
torch.ops.sgl_kernel, "transfer_embedding_ranges_direct"

transfer_embedding_ranges_direct = None

def _build_host_device_transfer_plan(
entry: EmbeddingCacheEntry,
pool: EmbeddingPool,
src_is_pool: bool,
dst_token_offset: int = 0,
) -> Tuple[List[int], List[int], List[int]]:
"I —%% embedding B9Z A page run BFFBK token &I It

src_is_pool E pool ilZRZAZ BHR, dst_token_offset XFE ANREM
HEAMRBALE, RE (src_starts, dst_starts, lengths) =AEKF|%,
RAMEENEF—RER,

src_starts: List[int] = []

dst_starts: List[int] = []

lengths: List[int] = []

copied =0

for run in entry.page_runs:
valid_tokens = min(pool.page_size * run.length, entry.num_tokens - copied)
if valid_tokens <= 0:
break

pool_start = run.start * pool.page_size



if src_is_pool:
src_starts.append(pool_start)
dst_starts.append(dst_token_offset + copied)
else:
src_starts.append(copied)
dst_starts.append(pool_start)
lengths.append(valid_tokens)
copied += valid_tokens

return src_starts, dst_starts, lengths

def _copy_embedding_page_runs(
self,
src: torch.Tensor,
dst: torch.Tensor,
entry: EmbeddingCacheEntry,
pool: EmbeddingPool,
src_is_pool: bool,
dst_token_offset: int = 0,
) -> None:
""H2D/D2H MA—#NAD: RAMEERE, FXHFHERE| copy_ /EH. "™
src_starts, dst_starts, lengths = _build_host_device_transfer_plan(
entry, pool, src_is_pool, dst_token_offset
)
if not lengths:
return

# RAY KR CUDA BET TR £ C++ B2, 4h CPU/ BREBRRFRATA

has_cuda_side = src.device.type == "cuda" or dst.device.type == "cuda"

if has_cuda_side and transfer_embedding_ranges_direct is not None:
transfer_embedding_ranges_direct(src, dst, src_starts, dst_starts, lengths)
return

for src_start, dst_start, valid_tokens in zip(src_starts, dst_starts, lengths):
dst[dst_start : dst_start + valid_tokens].copy_(
src[src_start : src_start + valid_tokens],
non_blocking=True,

)

test/registered/unit/mem_cache/test_embedding_cache_controller.py

B % _build_storage_transfer_buffers E& & EHIITA, FFEEA entry 89 H2D/D2H
# I RIEAFFEMR

def test_build_h2d_copy_plan_for_fragmented_entry(self):
# PIEARIZESL page run: PageRun(2, 1) 5 PageRun(7, 2), 3£ 5 /" token
pool = _make_pool(hum_pages=10, dim=4, page_size=2)
entry = EmbeddingCacheEntry(
hash="h",



modality=Modality . IMAGE,

num_tokens=>5,

dim=4,

page_runs=[PageRun(2, 1), PageRun(7, 2)],
state=EntryState.READY,

# H2D: pool MIAJR, BFER|RE tensor B offset=3 &
plan = _build_host_device_transfer_plan(
entry, pool, src_is_pool=True, dst_token_offset=3

)
self.assertEqual(plan, ([4, 14], [3, 5], [2, 3]))

def test_build_d2h_copy_plan_for_fragmented_entry(self):

pool = _make_pool(num_pages=10, dim=4, page_size=2)
entry = EmbeddingCacheEntry(

hash="h",

modality=Modality . IMAGE,

num_tokens=>5,

dim=4,

page_runs=[PageRun(2, 1), PageRun(7, 2)],

state=EntryState.READY,

# D2H: pool A BAR, REBREZMEIES: 5 4 token
plan = _build_host_device_transfer_plan(entry, pool, src_is_pool=False)
self.assertEqual(plan, ([0, 2], [4, 14], [2, 3]))

python/sglang/kernels/aot/tests/test_kvcacheio.py

¥ CUDA IEFMENR: FEBRIAR LEIIE H2D/D2H #E# M5 Tensor.copy 5% —3K, &
EHATBEERARERE,

# 5FLH,: FSEE Tensor.copy_ (FEFEE) , MFAMERE FHIEHAELE
def ref_copy_embedding_ranges(src, dst, src_starts, dst_starts, lengths):
for src_start, dst_start, length in zip(src_starts, dst_starts, lengths):

dstldst_start : dst_start + length].copy_(
src[src_start : src_start + length], non_blocking=True

@pytest.mark.skipif(not torch.cuda.is_available(), reason="CUDA is required")
@pytest.mark.skipif(is_hip(), reason="This test covers the CUDA batch-copy op")
@pytest.mark.parametrize("direction", ["h2d", "d2h"])
def test_transfer_embedding_ranges_direct(direction: str):
# AIEAOBTIRISIEIE ST E . 37 4 embedding. page_size 4, HmE—NEER# 2 17
dtype = torch.bfloat16
embedding_dim = 37
page_size = 4



fragmented_starts = [1, 11, 23]
contiguous_starts = [2, 6, 10]
lengths = [page_size, page_size, 2]
host_rows = 28

device_rows = 16

host_values = torch.arange(host_rows * embedding_dim, dtype=torch.float32).reshape(
host_rows, embedding_dim

)

device_values = torch.arange(
device_rows * embedding_dim, dtype=torch.float32

).reshape(device_rows, embedding_dim)

# H2D: JBRIE pinned host BRI E, BANME device LM E; D2H k=2
if direction == "h2d":
src = host_values.to(dtype).pin_memory()
direct_dst = torch.full(
(device_rows, embedding_dim), -1, dtype=dtype, device="cuda"
)
reference_dst = torch.full_like(direct_dst, -1)
src_starts, dst_starts = fragmented_starts, contiguous_starts
else:
src = device_values.to(dtype).to("cuda")
direct_dst = torch.full(
(host_rows, embedding_dim), -1, dtype=dtype, pin_memory=True
)
reference_dst = torch.full(
(host_rows, embedding_dim), -1, dtype=dtype, pin_memory=True
)

src_starts, dst_starts = contiguous_starts, fragmented_starts

torch.cuda.synchronize()
copy_stream = torch.cuda.Stream()
# A IEEBRINAR L, BIE stream FEAIEHME
assert copy_stream.cuda_stream != torch.cuda.default_stream().cuda_stream
with torch.cuda.stream(copy_stream):
ref_copy_embedding_ranges(src, reference_dst, src_starts, dst_starts, lengths)
transfer_embedding_ranges_direct(
src, direct_dst, src_starts, dst_starts, lengths
)
completion_event = torch.cuda.Event()
completion_event.record(copy_stream)

completion_event.synchronize()
torch.testing.assert_close(direct_dst, reference_dst)

BN



« BBuf £ test_embedding_cache_controller.py:422 #§4: [The new tests only validate
the generated range lists and never invoke transfer_embedding_ranges_direct... A
bug here could silently corrupt multimodal embeddings rather than fail immediately.]
1E&EE [Agreed. I'll add CUDA correctness tests to test_kvcacheio.py.] , H&wmZ&xb
FAEBRATL. FAE. B A8 CUDA XERIMHR,

« BBuf #tx¢+ H2D JRGEMF3EI:  [could we benchmark
cudaMemcpySrcAccessOrderAny here and keep cudaMemcpySrcAccessOrderStream
for D2H? - vLLM adopted the same directional split in vLLM PR #39306.] /£
H20/CUDA 13.0 SZMFARMIRFE 8-512 MiB # 8 AT HFHZEL—3K, HIEHEA KV #t
BERAR AT EHA Stream T, mALRE cudaMemcpySrcAccessOrderStream,

« gemini-code-assist[bot] B9 S medium ZEIXEESEANEFRAI,: —2&E Python R E
src.is_contiguous()/dst.is_contiguous() VUEZ L ERE| copy_ 18R, — 2L
attrs_idxs M std::vector(1, 0) BR AL std::array WAZLEEREEIZIE B,

- BBuf B &R RE KA benchmark £I &S MM global-cache EPD IEFMNIR, (&
7 PR body Hihe, FHEAFMBAF5) EPD E3EF [For this manual run, I temporarily
bypassed the scheduler's batch_encode path... No scheduler change is included in
this PR.]

« CUDA IEFMENIIRE Z R E (testing): 1EEREHE test_kvcacheio.py #h 7%
test_transfer_embedding_ranges_direct, BEZIERIAR. XA ME. BAEESAZER
B%, XtE copy_ &%,

« H2D A SrcAccessOrderAny & Stream (performance): {E& & H20/CUDA 13.0 5z
8-512 MiB # 8 AFKEHAMINT FL—K, FFIEUEA KV HFEEZE WL —HA Stream I
& mARE cudaMemcpySrcAccessOrderStream, BBuf & RIEFBEZIL,

« Python 334 ES std::array 4t (correctness): & AL R KX K ZEIN
Python X EREMEEMSEF T AM, attrs_idxs 754 std::vector(1, 0),

« benchmark FTEIMME EPD 3R 3|3%I04E (testing): /EEE PR body #N T2 & benchmark
FIA. CUDA EFMENIRE F5) EPD XIERIIE (£ =% Local Hits=1) , #HiEBAFHE
JEIGERFZEE scheduler batch_encode 42,

R 5 B

« QRS ELME, dtype. BEEREAMTF C++ TORCH_CHECK, Python 3
copy_embedding_page_runs RATEAEE is_contiguous(): ERKIAMA ALK E
, SEEM C++ BEMIEEEREA| copy /83X (AT pool.tensor 5 dst_tensor ¥ R3ELE,
SFrAR R RFEME) o CUDA 12.8/13.0 ABI 4 IRIRBUEAT BTARASEI BT 5
cudaMemcpyBatchAsync 5 RIREIRATN ; & HILHTHY API ZARKIXF) IR B R AR
, N TORCH_CHECK E#AMMmIFER, FEESRARS, %HFE CUDA B
RER, HIP/MUSA F&4+EF % cudaMemepyAsync EIRR, AMD £F &R HBIkEE
ERMRZ R, test_kvcacheio.py X HIP B skip. 3 F|3HI0E & Foh G et
scheduler batch_encode 5ERH, RMANESHUNIR G EERKE), ELRERETH
embedding cache T ABEA R, thread_local std::vector 5 attrs_idxs B3R ELEE
B2 L EREARMAE —RIAE (bot E4EH, RRA) |, AAXNEEAHEKE LR/,



- Y ThekEm: BAS#ELS4LE embedding cache (EPD encoder-decoder +
Mooncake) WRF ZEEZHE,; H20 L&A H2D FEAYN 42-43%. D2H #=H
28-48%, ZEHEAMIKEBRAE, LUESESHMR[ENEARAT TN, EHmHE:
build_transfer_buffers B4 A build_storage_transfer_buffers, B THIMAF ST EdG 4,
BERNRE D B3, FEERI2S5 host-device BRHNMEZBLBEESZT B, REM:
=&/EER (#E API — EFEEK cudaMemcpyAsync — Python copy #&¥F) fRiEIBFRES 3E
CUDA F&HTARE; LEESK schema TE,

« XFEFRIE: CUDA 12.8/13.0 ABI JRAG X, FE3ELLSKEHE Python REER |, HIP F&XE
RERAZ , 3mBsw EPD MRAK B sh1b

KRR EE

« PR #34121 [Diffusion] Fix cache-first fast path accepting a metadata-only snapshot:
FARLZBESEFERMEMBE (cache-first (REBZGHREIEX) , 5K PR ELZESEGES®
5 EE 2 EAUSRAE4R, B XHRE,

« PR #34823 skip oow slot freeing under eagle: & mem_cache E#% (radix cache &
AR BIRRA /| BE—RMBE, ERXPRBAXIEFHERBRETHRNGEEELHN,
B8 T KV cache § speculative decoding 43,



