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1. #3¥ MooncakeDirectLinker 3£ (python/sglang/srt/mem_cache/storage/mooncake_sto
re/mooncake_direct_linker.py, +414 1T) : #/& UnifiedCachelinker, SZI%—#ED
lookup/load/cancel_queued_load/start_layer_wise_loading, #43&0t38E3t
resolve_hybrid_device_pool_group A3BE&REMA, H tp/pp/cp FaFMS storage
suffix, 3L storage B4 mem_pool_host. registered_pools. mla_suffix. mha_suffix JEA
Xk, BAJE register_buffers 3£ pool B4 GPU buffer JEM# Mooncake, &ER3N
load/offload PN daemon 42,

2. 5231 LayerWiseLoadCounter F&in#imiX: Z%E kA KV pool B layer wait hooks
update_producer RENRAE num_layers A Future, load &fEEEEMEZK/E A
A complete(layer) Bfr, %34 wait_until(threshold) £&3ZE, REERZRERE
#oR; KIKET fail() AFTA RTEEY Future 2R %E, B&
req_to_token_pool.register_layer_transfer_counter St (X 4 & MAMBA MiEt)

3. B MERE: load() RILIERIKA pending_loads (3 partial/missing KV)
start_layer_wise_loading() %% GC. record CUDA event EHRIEAN load_queue;
load_thread_func() &R event, BZRERA batch_get_session_start,
batch_get_into_multi_buffer_ranges 5%, &M fail i3k, ZBERIEIE KA RKEAN



completed_loads A H A E %

4. MooncakeStore &1& X 2k3& (python/sglang/srt/mem_cache/storage/mooncake_stor
e/mooncake_store.py, +23/-8) : _get_hybrid_page_component_keys #73&
PoolName.KV 4%, &£ _{mla_suffix}_k EZ; batch_exists v2 FH RIREI#E—
final_pages, MERERZEH restorable RIZE S (ALL_PAGES NELRIE,
TRAILING_PAGES AFiEHERE TEMNAIZR) . ARAAEEE rank XX; RENR
F ¥ hit_policy Bt ValueError,

5. BAMEH meta FTHE: _batch_io_v2 F¥|ERTIRA _pack_multi_buffer_meta B9
M transfer.name == PoolName.DEEPSEEK V4 _C4 7% A len(ptr_list) != len(key_strs)
, E L RITEE EE A T key/ FEHEBERLEH pool,

6.MRE CIEE: APRREZFFIEMIRAXMH, KEEA test_mooncake_direct_linker.py.
test_unified_cache_linker.py VA% hicache/radix_cache &FNR; 1EH £ k@R
/rerun-test. /rerun-group EHIXLENMIRE, FHA PR Test (Extra) #id,

R

« python/sglang/srt/mem_cache/storage/mooncake_store/mooncake_direct_linker.py (&
B e 259 source; LA core-logic; &5 _storage_suffix,
LayerWiselLoadCounter, MooncakeDirectLinker.init,
MooncakeDirectlLinker.register_buffers) : ¥3¥¢ 414 {78980 3RS E:
MooncakeDirectLinker 47 UnifiedCachelinker, 5ZE, buffer JZft. layer-wise H35in
. EENERIRES LayerWiseLoadCounter iH#kiiX, 24 PR B9 E1K,

« python/sglang/srt/mem_cache/storage/mooncake_store/mooncake_store.py (iR KV
H#hiE; 285 source; R core-logic; &5 MooncakeStore. get_hybrid_page_compone
nt_keys, MooncakeStore.batch_exists_v2, MooncakeStore._batch_io_v2) : &
MooncakeStore BB EMBEA RS FAMEEWIEX . X3F KV M)/F4H. RE restorable Al
BEE. WA buffer meta TR, & direct linker EFTIFKE X,

XEFE: MooncakeDirectlLinker.lookup, MooncakeDirectlLinker.load,
MooncakeDirectLinker.start_layer_wise_loading,
MooncakeDirectLinker.load_thread_func, MooncakeDirectlLinker.load_layer_wise,
MooncakeDirectLinker.register_buffers, LayerWiseLoadCounter.update_producer,
LayerWiselLoadCounter.complete, LayerWiseLoadCounter.fail,
LayerWiselLoadCounter.wait_until, MooncakeStore.batch_exists_v2,
MooncakeStore._batch_io_vZ2, MooncakeStore. _get_hybrid_page_component_keys

KR Fr B]

python/sglang/srt/mem_cache/storage/mooncake_store/mooncake_direct_li
nker.py

3 414 AT EIRZIN: MooncakeDirectLinker 4k UnifiedCachelinker, 52
buffer ¥, layer-wise FF k. EEREXRZAES LayerWiseLoadCounter IHEimiX, &
A PR B EAK,

class LayerWiselLoadCounter:



""CPU M52 X iT25E8E, FZE KV pool B layer wait hook.

mEREIZIR#RIEA update_producer() K BL—24E Future (8E—1N)
FEK—BEMEHM complete(layer) BEAL; JHFM3AT wait_until(threshold)
SHRHEBNIIERSE, MMLZIELZREMETE. MERRAHERNRAKE,

def __init__(self, num_layers: int):
self.num_layers = num_layers
self.producer_index = -1
self.consumer_index = -1
self.futures: dict[int, list[Future]] = {}

def update_producer(self) -> int:
# IR A num_layers BE QB — Future, REA#RES]
self.producer_index += 1
self.futures[self.producer_index] = [Future() for _ in range(self.num_layers)]
return self.producer_index

def set_consumer(self, index: int) -> None:
#HBMIE LA HOR RS S F1TEEE, wait_until #EILER Future

self.consumer_index = index

def complete(self, index: int, layer: int) -> None:
# IBRKXEEEEHIEE N GPU buffer EiRA, "“REEEFZE WER

self.futures[index][layer].set_result(None)

def fail(self, index: int, error: BaseException) -> None:
# EEMBERKES, ELZMRFTARTR Future EARE, BRAFLMKA T
for future in self.futures.get(index, ()):
if not future.done():
future.set_exception(error)

def wait_until(self, threshold: int) -> None:
index = self.consumer_index
futures = self.futures.get(index)
if futures is None:
return
try:
futures[threshold].result()
except BaseException as error:
raise RuntimeError("Mooncake layer-wise KV load failed.") from error
finally:
# BERTREEEEAMNMMDRN Future, BHANERR
if threshold == self.num_layers - 1:
self.futures.pop(index, None)

def reset(self) -> None:
self.producer_index = -1



self.consumer_index = -1
self.futures.clear()

def load_thread_func(self) -> None:
while True:
task = self.load_queue.get()
try:
if task is None:
return
counter_index, pending, ready_event = task
try:
# E#F GPU MIEHRFEBEF4E H2D ik, FRIE5IA buffer BIRIF kernel B5EAX
ready_event.synchronize()
self.load_layer_wise(counter_index, list(pending.values()))
except BaseException as error:
#MEERAK: ILAAASZMRNERSIRE, MARER
self.layer_done_counter.fail(counter_index, error)
logger.exception("Mooncake layer-wise load batch failed")
finally:
# T IKERIEERFI R R B ELAE, HRAAREEIRRERE
self.completed_loads.put(list(pending))
finally:
self.load_queue.task_done()

python/sglang/srt/mem_cache/storage/mooncake_store/mooncake_store.py

f&2% MooncakeStore BIBEMBA RS EEMEIIEX: X3F KV t/E4R. RE restorable
RIZR%E4E. AW buffer meta 3TR, & direct linker EFATAENRE X2,

def batch_exists_v2(
self,
keys: List[str],
pool_transfers: Optional[List[PoolTransfer]] = None,
extra_info: Optional[HiCacheStorageExtralnfo] = None,
) -> PoolTransferResult:
if self.mem_pool_host.kv_buffer is None:
# R W KV NEAHFEN, THARMRTLE sidecar FRE
kv_pages = len(keys)
else:

kv_pages = self.batch_exists(keys, extra_info)

hit_count: dict = {PoolName.KV: kv_pages} if kv_pages else {}

# MFTR TTRERY KV RIS &, 3ZFA pool BIMRETTIERS 89T 1L S,
# B EREESTIERAME: TRAILING_PAGES MaB® T 55R,
#RAAEEE rank kX (W PoolTransferResult) ,

restorable = list(range(1, kv_pages + 1))

for transfer in pool_transfers or [|:
if not restorable:
break



component_keys, key_multiplier = self._get_hybrid_page_component_keys(
keys, transfer
)
component_keys = self._tag_keys(component_keys)
ex = self._batch_exist(component_keys)
if key_multiplier > O:
# EMNBEITUBIT AN key_multiplier NMAGXN L, 2FEEAEZTAIRE
page_exists = [
all(
r==1
for rin ex[i * key_multiplier : (i + 1) * key_multiplier]
)
for i in range(kv_pages)
]
else:
page_exists = [False] * kv_pages
boundary = 0
pool_restorable = ]
if transfer.hit_policy == PoolHitPolicy. ALL_PAGES:
try:
boundary = page_exists.index(False)
except ValueError:
boundary = kv_pages
pool_restorable = list(range(1, boundary + 1))
elif transfer.hit_policy == PoolHitPolicy. TRAILING_PAGES:
# RE RENARSSHTERNMFLE, AMLPEARFERREK
trailing = max(1, len(transfer.keys) if transfer.keys else 1)
for prefix_len in range(kv_pages, 0, -1):
if all(
page_exists]i]
for i in range(max(0, prefix_len - trailing), prefix_len)

pool_restorable.append(prefix_len)
if boundary == 0:
boundary = prefix_len
else:
raise ValueError(f'"Unsupported pool hit policy: {transfer.hit_policy}")
if boundary:
hit_count[transfer.name] = boundary
# HELURBERRNTIREEESRKR, REXGE L FFHF LS
pool_restorable_set = set(pool_restorable)
restorable = [p for p in restorable if p in pool_restorable_set]

final_pages = restorable[-1] if restorable else 0
return PoolTransferResult(final_pages, hit_count, restorable)
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« REDFRFAFICK T —DNRERITAR: “Suffix order must match
get_page_buffer_meta() for one page, because Mooncake zips object keys with
registered buffer pointers’——8 G BT M5 buffer TTEIBINF THE—EK, TN
Mooncake SIBX ZBAZ BIEFTH R I ML,

« batch_exists_v2 BT BMERE T M2 ME— boundary BRA3RE restorable £&: “a
TRAILING_PAGES pool leaves holes (see PoolTransferResult), and the caller has to
intersect these sets across ranks’——TRAILING_PAGES &8 T w1% £ AR =0/,
WH A A EE rank KR oA = B /IME.

« CI % REH hicache. radix_cache/unified_radix_tree. unit/mem_cache B3R, Ht.FA
XESN[AXIEITIRE (GPU 5. Mooncake &%) thiEE, BEMBEAEK, RAE
rerun #E3i¥; AMD ROCm 7.2 MRk ER,

- Cl Ef5 Mooncake /S8 MRFEE M (testing): IKEIEA hicache/radix_cache MiAE %
#iEsm; Extra Cl3EN, (EFRFMAXNBEAIREZXTE,

« AN PR SR FHEMIRA MG (testing): MIRE ZBRKBATF I PR, 1EHEERKRE rerun IIE
AN, BEKIEZENAE direct linker B9 =20,
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1. IR ZRERD AR PR BBEMIR: mooncake_direct_linker.py & 414 1T &MY
B, B PR WORAMRAXGTE, RIERBEAEMNRMZAER, FEBEEX (&2
KIRBEAZR. B rank XX) o

2. B ERERAZE . load_thread_func FHEMXREKR fail BET counter_index
futures, 1B finally 75418 pending %|&i&XA completed_loads, &/ 7 = 8E3 LA K An
AT BHORAS B B E RSEA H— 3,

3. BEhEARE LK register_buffers F{EfT buffer SEMH EE S RuntimeError AR
ERENEK, X Mooncake ARE 7 FMA BARK

4. 2 GC K4EalfEA: freeze_gc_once() X EAN#HRIRA freeze_gc, BRRPUT—
R, BELFmHREREAERY GC TR,

5. B rank —MAR#INERKE: batch_exists_v2 3R[El restorable £&)5, RALEMM
BURTRAA 2T EHLIE rank KR, FEAN rank WEEEHM rank F—3K, =
RES B T L BZENAR.

6. AN : batch_exists_v2 FERENEXNE—RI|IKARES, ABTHMRARA (W
3FS/file J53#) R AMIZIBE XE % PoolTransferResult, ] HEH I FEA 8] ;
_batch_io_v2 BT EEAKST AT 862K DEEPSEEK_V4_C4 MUISMBBIITRAT A, - B
AP/ A%EBE: A%—%EHMER linker M7 Mooncake 3%, #EEZFEBRETT
UENBEHE KV 5RBERE (MLA/MHA/SWA/DRAFT/MAMBA) , £ multi-node %
—%7% (HiCache) BEABYRBEHE., RUHSEEEFE mem_cache E3k, (B
batch_exists_v2 X TSR MIAE KB CHEMRER. BARE®: XE2AS|H2L PR
E 4 A, BEEARRELENH / %k PR 2ET I EH; REFRERITRE (suffix
. restorable && . layer-wise it#0) S AHAM linker E3RHISEER, BARE
mMEPERA, ERFREFTFASZ, FEEYRERAMITE, - RRARS: #EZ



BREVEENSR , KERTERFAZE , Bai#ARKE Mooncake IRE , ©F GC &
ZEER |, ¥ rank —ERMKBINERK R |, batch_exists_v2 &8 X & B 3 EN[E
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« PR #37307 fix(unified-memory): forward the KV-index translator through every
wrapper backend: [&— unified-memory ZhEELk, 155 wrapper /Gig KV R84 & 5]
: A PR B9 MooncakeStore t&#i registered_pools 5§ KV A Efidh 4, MERLE
RIDBEMES 5im TR —EKE,

« PR #35177 feat(unified-memory): three sub-pools for mamba + hybrid-SWA models:
A unified 3| ANZF55F50M, A& PR 8 MooncakeDirectLinker IE 22X 4R &
pool group BYFMER linker JE3%, —FHMERE—ZMAH LT,

« PR #35158 feat(unified-memory): byte-budget sizing, feasibility floor, and a
conservation verifier: A—AFZF FTHEE I IAFIERE, & unified cache BIEARY
Wi, A PR By storage EEMIEX TN R EEREEH X LRI,

« PR #37339 [Fix] Use real RegKvInfo in unit-test req mocks: &£ % /NE 1748 % BN B4
KV mock, f£ hicache/unified_radix_tree EMREFH linker G FERFE; &N PR 8 CI
£ R T XK,



