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PR &£ issue #49176 REW R : SRR tier MB LK —REERKTTETK, RER
BNRAESEERBER—AEELKB promotion, BEEER¥EFIE, issue FEH root cause
T vlim/v1/kv_offload/tiering/ B9REMMREL, FE&T*X (L GPU BIFTE3) , HH3&A "one
bad block file converts a request into an infinite promotion loop and a busy-loop of
wasted I/0 and scheduler work", PR body *M%#tFH "Because the cache is refcounted
per block, the stale verdict is served to every request overlapping those blocks, so one
bad file wedges more than the request that first touched it, and it's silent"——#/NEXX
B TASYT BEIFTE EEZRMNIERBEIRA &£, 1FEE Apple Silicon B Metal/MLX J&3#
LEM (XHEAS tier MEHI torn block) , BRR[EGATHE tiering B, L@ CPU FFIRER
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1. AR EWEET| NIMERRIESRIE: vliim/v1/kv_offload/tiering/async_lookup.py #73¥
mark_miss(keys), EEFFH verdict BIEENEAN False (RMIKREE, #H*R#F cleanup()
RERI|—3%M) ; B drain_results() 340 enqueue-once AEARTE, FE4RF|AIK
E S B worker R EZEEWH verdict, ik stale True 838, X—E2EAMEE B3t
#, FrA tier £H,

2. fs tier BIREXRZBIREMK: viim/v1/kv_offload/tiering/fs/manager.py 8
submit_load() BT job_id — keys BR&T, FFILJREKH
functools.partial(batch_load_block, ...) ®EANE load_task(): ##IK OSError 5 MAF
%ILE num_succeeded (IBRKLMETIEAXIhINEAIRE) HEA _load_progress, HEH M
Hik job AWK LR, get finished_jobs() FERE LR (E— A FAREE async cache Bk



f2) Ed load job _keys 5 load progress, Xt&MIRAA mark_miss(failed), Hf&
Bl successful_keys fRE EXIIMERMNR, BLBEMEH,

3. KE R SCHEMIFRERES . vIim/v1/kv_offload/tiering/fs/io.py B9 load_block() &
csrc/fs_io.cpp B9 _load_block() B2k A: {R&E " fIERARAEE " (REREFTFE <
block_size) B (store ZRFH, NEXHBEIESZHIR) ; open KK, EZEIR.
close KMERREN XM, ERIETITRB TR AKALIFEE %R, C AR batch_load_block TEH
% LM num_succeeded B (PyObject SetAttrString) , Python fallback F
exc.num_succeeded = i X3F, 523 C/Python XERIZATH—EKo

4. obj tier E#3EEL: viim/v1/kv_offload/tiering/obj/manager.py EHABRERN, E
get_finished_jobs() ®Xx+& K load job itHE successful_keys Z&JEIAA mark_miss;
BT nixl BRIE# ERRES, LFRSFRICEIP key (EETBAMRTF consumer-only, 4L
IREE follow-up, B mark_miss 3B successful_keys fRIERRIEHME)

5. MR 5 IIERE: tests/vi/kv_offload/tiering/ T 4 AR SCHEFEEYVIARBG], £
use_c_ext 2¥MLEE C/Python R, BIF: KKMEBEH verdict F M FRIMIR 4.
HEIROKBAE EMBR, BPREBEMARIDC miss. BEEEEIRE (ELOOP) fREXH.
mark_miss RE + enqueue-once ¥ie%; %A mutation IIE (FFr mark_miss &1
livelock MIRELMK) o MIRAEBL open KIKM chmod 000 BRAFFEEEEIEIR ELOOP, X3
2% CI X root 3mATE 4838 S FRALBY £ =

REEF:

« vlim/v1/kv_offload/tiering/fs/manager.py (#3k X% %; 25| source; R core-logic
;. &5 submit_load, load_task, get_finished_jobs) : f8£ 894Z &% & submit_load
4T job keys 8% load_task iBFE num_succeeded, get_finished_jobs TE1EE &F2XT
%K key A mark_miss, FfEBh successful_keys SZILH EIRDRINFE

« vlim/v1/kv_offload/tiering/async_lookup.py (&3t BiEEHE; 25| source; LR
core-logic; 5 mark_miss, drain_results) : #¥ mark_miss JR1&5 drain_results &
enqueue-once KiE, Bl " AREERIELER " WEMMERIR, FrERE tier £,

« vlim/v1/kv_offload/tiering/fs/io.py (3 X5 ; K3 source; ER core-logic; 5
_load_block, batch_load_block) : Python E&4Z B9HH FR SR BEUS A © (X =T I BR B 48 352 M B SC
4, BEETEEIRIREE XM, % batch_load_block B% MM num_succeeded.

. csrc/fs_io.cpp (B3R C HE; 25| source; A core-logic; &% _load_block,
batch_load_block) : C #'E#125 Python BREFRE—RA, BFEH fs_io C RMBEEA
WY XxPE: REA batch_load_block B&E AN num_succeeded,

- tests/v1/kv_offload/tiering/test_fs_tier.py ({3 X#HA%; K7 test; KA
test-coverage; 5 test failed_load _corrects_verdict_and_removes_corrupt_file,
test_batched_partial_load_failure_keeps_loaded_blocks,
test_batched_load_first_block fails_marks_whole_batch,
test_transient_load_failure_leaves_file) : &x&@AEYVIMNL: B EXKMEILYIE verdict
+ RIS, EIRDRTRRE BEANEIR. BEIREAMEHR miss. BEREEIRKE XHFEAR
#yy, B4 C/Python WERIZSH1L,

« vlim/v1/kv_offload/tiering/obj/manager.py (13t 3t £ 56%; 5| source; A
core-logic; &5 submit_load, get_finished_jobs) : obj tier [E K15 R AEHY 2 R IE BE



A, ERZEERNTIET BIFTERE tier 523,

. tests/v1/kv_offload/tiering/test_async_lookup.py (1Eik BiEEHE; £KF| test; LR
test-coverage; 45 test_mark_miss_flips_cached_verdict_without_reprobing,
test_enqueue_once_invariant_enforced) : % mark_miss i X5 enqueue-once R
NHETTRIE, EEFRERANEETT.

. tests/v1/kv_offload/tiering/test_tiering_offloading.py (#83k FIERE; K5 test; LR
test-coverage; 5 test failed_promotion_finalizes_primary_with_failure,
test_successful_promotion_finalizes_primary_with_success) : 3&iE
TieringOffloadingManager ¥ promotion &M / BINEHMAIERM finalize E tier FAL, A
&8 R E R BIRTTA R

. tests/v1/kv_offload/tiering/test_obj_tier.py ({3 Xt£ 4%, HK7| test; HR

Va=]

test-coverage; 5 test failed_load_marks_verdict_negative) : obj tier B livelock [E

JAMIR, MEBAR —BEENEIEXF AR tier LRAFARK.

XS mark_miss (async_lookup.py), drain_results (async_lookup.py), submit_load
(fs/manager.py), load_task (fs/manager.py), get_finished_jobs (fs/manager.py),
_load_block (fs/io.py), batch_load_block (fs/io.py), _load_block (csrc/fs_io.cpp),
batch_load_block (csrc/fs_io.cpp), get_finished_jobs (obj/manager.py)
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vliim/v1/kv_offload/tiering/fs/manager.py

188 B9 A&A R E . submit_load BT job keys FH2 load_task i3k num_succeeded,
get_finished_jobs FEIRE &R KK key A mark_miss, FH1&BI successful_keys SZIL
B RINRE

@override
def submit_load(self, job_metadata: JobMetadata) -> None:
job_id = job_metadata.job_id
# X AR load By keys, &K promotion FBEFE get finished_jobs
# BREFBIEKLIL key ARIEA miss, AR EHEIE,
keys = list(job_metadata.keys)
self. load_job_keys[job_id] = keys
paths = [self.file_mapper.get_file_name(key) for key in keys]
offsets = [int(bid) * self._block_size for bid in job_metadata.block_ids]

def load_task() -> None:
try:

batch_load_block(
paths,
self._primary_kv_view,
offsets,
self._block_size,
self._use_o_direct,

)

except OSError as exc:



# M TAESAR EPAT, IBRAMKA RO EAIRER, #
# get_finished_jobs fRE X3k, 25 LA task_done K
# 2R, AELEE GIL TR BEZRN job BEAAT W,
num_succeeded = getattr(exc, "num_succeeded", 0)
self._load_progress[job_id] = num_succeeded
logger.debug(
"Load of %d blocks for job %s failed at block %d: %s",
len(paths), job_id, num_succeeded, exc,
)

raise

self._pool.enqueue_load(job_id, 1, [load_task])

@override
def get_finished_jobs(self) -> Iterable[JobResult]:
"""Collect finished jobs; a failed promotion marks only its failed keys
as a miss here (scheduler thread)."""
results = []
for job_id, success in self._pool.get_finished():
if self.events is not None:
keys = self._store_job_keys.pop(job_id, None)
if success and keys:
self.events.append(OffloadingEvent(
keys=keys, medium=self.medium,
removed=False, locality=self.locality,
)
load_keys = self._load_job_keys.pop(job_id, None)
num_succeeded = self._load_progress.pop(job_id, 0)
if load_keys is not None and not success:
# E load EE—NFRRFIE, BLRTMBKNBIRREEE tier
# (22 successful_keys ER) ; RA KM HE LB HFRC miss,
# ZEREME GPU LEH X,
successful = load_keys[:num_succeeded]
failed = load_keys[num_succeeded:]
self._lookup_manager.mark_miss(failed)
results.append(JobResult(
job_id=job_id,
success=False,
successful_keys=tuple(successful) if successful else None,
)
else:
results.append(JobResult(job_id=job_id, success=success))
return results

viim/v1/kv_offload/tiering/async_lookup.py

3 mark_miss JRiES drain_results 8§ enqueue-once B, Zit " kIKEERIELEE " %
FMIMERTER, FTA R tier M,



def drain_results(self) -> None:
"""Apply pending worker results to _lookup_state.

Called from lookup() before checking state.
while True:
try:
batch = self._pending_results.get_nowait()
except queue.Empty:
break
for key, result in batch:
state = self._lookup_state.get(key)
if state is not None:
# —/ key REANREM—XK, FrABEILH verdict AR EUKE
# BANGER, BHEZATATHILRY / EENEREF N
# EMBIER stale True, MMEF failed-load livelock,
assert state.result is None, (
“cached key received a second lookup result; the "
"enqueue-once invariant is broken and could reopen the "
"failed-load livelock"

)

state.result = result

def mark_miss(self, keys: Collection[OffloadKey]) -> None:
"""Force the cached verdict for ~“keys " to False after a failed load, so
the scheduler stops re-issuing the doomed promotion (livelock, #49176).
Keys with no cached entry are skipped."""
for key in keys:
state = self._lookup_state.get(key)
if state is not None:
# W EEH True BI%E A False: B4 lookup HIEAEFIRE MISS,
# RAE LRI batch N EABER) , FHRE GPU LEHERT,
# M ERTREBE 3N promotion &3, & BAEmIEMIR, FRiE
# cleanup() IR M RG] —3K,

state.result = False

viim/v1/kv_offload/tiering/fs/io.py

Python E&AZ A9 RRSRBEUKAE : (X RTIEFR BOAE L MIFR SCF, BRRTEERIRE XXM, #H 4
batch_load_block F&FMiAn num_succeeded,

def _load_block(
source_path: str,
view: memoryview,
offset: int,
block_size: int,
use_o_direct: bool = True,
) -> None:
"""Read one KV block from disk; remove the file only on a provable short



read (a too-short file is genuine corruption) and leave it untouched on any
other error."""

fd: int | None = None

view_slice = view.cast("B")[offset : offset + block_size]

o_direct = O_DIRECT if use_o_direct else 0

try:
fd = os.open(source_path, 0s.O_RDONLY | o_direct)
bytes_read = os.readv(fd, [view_slice])
if bytes_read < block_size:
# 481% = XHRAIZHIR (store BRTFH, EFSEARTE~E
# EXH) , MBRERELIEKR lookup BFA miss; MIREKTA
# EERBEIRE R, FIAEBBREERY,
try:
os.remove(source_path)
except OSError as cleanup_exc:
logger.warning(
"Failed to remove short-read file %s: %s",
source_path,
cleanup_exc,

)

raise OSError(
f'Short read: expected {block_size} bytes, read {bytes_read}")
finally:
if fd is not None:
os.close(fd)
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« tier APl REFIEEA: orozery RITFIAZG EHH on_load_failed() BEBEEA: "The
tier should already have the information of failed load jobs... He does not need the
tiering manager to report it back to him." /EEEZHBKRIZ API, B&A tier &
get_finished_jobs() Bk,

« lookup &K size &Y (stat vs access) : varun-sundar-rabindranath 88 # = 8842
£4 "lookups are called very frequently and we should keep it light"; &% H 52Nt

(Linux ext4 £ HIT %% access 249 420 ns vs stat 4 490 ns, 4 1.16x;
macOS/APFS 4] 1.35x) , AIKFE size K%, EYI access BEMRE, FHILIE " ik
bit-rot 3 size KM AR T E "o

« KREEFIEX: FRiC False EBZMMREE : varun 3#H "disk-offloading should be
best-effort... The policy could be that the request gets single try, and if it fails then
it just recomputes on the GPU"; orozery #EUMIEZBSSHRKURER., %18 EMRIC False

(BoRZR. TELK) , EEFIET drain_results B enqueue-once Wi = 1EARELL,

o BAAMERIRT vs REBIRZE R : varun 9] state.result is None 2T AGAMAEE, 1EEHIAG

varun ZiX "Add an assert to check that it is enforced", HRAKAERKE,



. close RWMGEX 5N RN orozery 8 C BR42 close L WCRRiLNE LK (FIEBEAN
ZPR) | A& mark_miss RIRR: EEBE C B2, MRF chmod 000 A%
EACCES 7 root iEfTH) CI Fk3K (root TAXRAL) , 1FE KA ELOOP 5 BEE/EIF
BT open &K,

- tier API 2 & #E on_load_failed B (design): #FRIZEIA, tier &
get_finished_jobs() F BTRIEE 8 lookup &%, APl EHEHH,

- lookup #B&FZ stat vs access BIMERERAET (performance): 1XFF size /R4, [EY3
access FEMRE; FBHIA size RIX bit-rot XA o %,

« KBEERFEX: #x12 False vs R4 B (design): #5712 False BARE&E: &#F
MISS BEHRE,. REHF, EHERTERMAER, BRERELERE, BERTHMIEK
173 HIT,

. mark_negative &5 AR E A LIE (style): B&E N mark_miss; BAIMEBRT KN
B X assert &1t enqueue-once FE R,

. close M ETMAMEB LMK (correctness): C BRI AN : £ BILEN close AR
MEEK, HEEANEAXBEIRI,

« 50321 A/ 3EED successful_keys BRALER (design): fs tier LI RINRE ; obj
tier B check_xfer_state REEEH#L FIR, RIFBMARICH BIE follow-up.

« CI root RIRFBMIRKLK: EACCES Bk A ELOOP (testing): BRAR SREZMEIF = £
ELOOP, XFrA AP XRIA—IK, MG REBEELHRZE M,

R 5 B

« Qe BARFE 22T

< IWATHTMTE 5| NARE . async_lookup.drain_results() B enqueue-once Wi s 24 =R
P EFRR S, BRZEBRIEEN key RAR—R, ERREEFEIFIZAERN (Flamg| A
EiIRFEM) , vLLM £ E# AssertionError, fEE A BN Z H mutation 3k, {ERFAE
BHOBBXRE " TRARMARRHEE " AERE,

c BEFEHETHNES BORKK: mark_miss BIERRK. BORZRF, EHIKHETIR
PRS, BMNBERTLNRE —FBRBLE—R CEEXRKE) promotion B GPU EH
, O " BIER—R /O R%E + EH " WIEEFH, BEARIRBEAEIEKEIARKA K.

o MIFRRBEURFE JE BOREAL R 8 . AL #49152 B9 " (R R BRI S ', BUTE RA R Ml PR
BERT$Eix (EMFILE/EIO/ENOENT) BT HXHAIHSE SE#EAT R, EERERMNS
HIT B, BEARaE S EBBR AR ESR,

 REXHAGBRE: RIERRRBERAK "store BRFME " (IRBEXHF + os.replace) , B
_load_block B9MIFRS get finished jobs B4 mark miss AR R&FE, K GIL 5§
task_done ZMMFARIE _load_progress T W MH——XEBRIREXRFEFESH, EE
TEEEPEHLRIBRNRNIZA,

« obj tier BH#IEFR miss: obj/manager.py B check xfer state REEEH EIRIRA, KIhik
WERWARID miss HEH, ERMETRE, EHEZRTSRBECIANIKE, FEERHAY
1E follow-up,



« C/Python XE&12—EM: num_succeeded & C BfR2R PyObject SetAttrString Mihn,
Python BREZEREREN, FAEEEXNTT; B C BEERRKDERAEL X, FRFP
®IPIZRA,

- ¥ AP RETRERA KV offload (fs/obj )R tier) BY3REE: XMFARGLIAER

(Apple Silicon Metal Ja3m. M&E. ZHI torn block B937F) ERAFBRAFTR, #Hi
RS EERKKEERRFFEIZIBERAL GPU EERK; XTEHR, BT verdict Z2i&
REBMEREREIE, HMiERIITIER HIT, blast radius A BIEH, HALME,
E BB AR EMICR promotion, FE T LR /0O 5RE 4, XIEZZ bug #
E XA "busy-loop of wasted 1/0" BWRHE, XREIATME, 4 PR #iL T MAMESFELAIIL
M| : YR tier RMBEATHRIEE T lookup &7 (LEFIE manager EiF API) , UKk "
BORRW + GPU EE + [HIEBIA A MR " 89 best-effort offload T, ELLHTHE tier
LI E BB RERHENEFREANE,

« RFSFRT: BOBEEEE |, C/Python ESZ—3KME , FTLEITHRITE |, FHEMIPRRBEIREE |

obj tier BHLIRAR miss

RERIREE

« PR #49152 [KV-offload] [FS] : Batch store/load_block in C: A& PR E#MEAEH C #itat
¥2 store/load Z t (fs/io.py 5 csrc/fs_io.cpp £F) , HBEIEHR " (F4a7 & BER M AR
' B3 B SRR 9 (AR PR

« PR #50321 (IHipHIEEM PR, AEARAE LT XHIEM) : orozery TE review FEREHE
H 3| A\BY JobResult.successful_keys, A PR Bt E R0 B h R B2 BIKBIZEEA

« PR #49176 [Bug][KV Offload]: failed secondary-tier load livelocks the request —
async lookup cache is never invalidated on load failure: 4~ PR (& £ 89X BX issue, 5B
WIRT livelock BIZEF KES & IHIA,

« PR #51161 [Bugfix][KV Offload] Handle chunked local attention in offloading
scheduler: L& A KV offload AE & bugfix, 5AKEERE viim/v1 FEEM

tiering fa EfLIEBE 2%,



