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PHATHRE

« —A1E: BRIA KV HEERER MLA 2B ARR, KE xTP

- WEMME: BEEEIR. BROEAARAN: —&H _uses_shared_region() £—F 5K IR R B
ARBRETHALERERZR, HARESTAENE, —BXNIELXZEHERE fail-closed BIEK
BRI — I FER T MRS RANERMELAR, FALTITNRETR. XNAE
KV offload. 9 REHFEER MLA HEERILE T2TA BESEIME,

THRES B

Issue #47929 35 MLA #R K latent KV & TP rank a2 2B E 6 BB FH —%KH (
MLA #E#5% num_kv_heads=1, latent I{FARM TP oK) , 1BRA offload B&ZR%A | X
— & B/ TP worker &HF—12BIA&, CPUOffloadingSpec #% per-worker bytes x world
size iTHr, TP=N HE—NEZZERREREMBE NN 1/N. PR body BABULEA B ArZ Enable
the single-copy (replicated) MLA layout for the default KV-offload backend
CPUOffloadingSpec, closing out the plan in #47929°, #F@AXES
TieringOffloadingSpec B.F 884X 5B E TAE,

SRR

1. I E 17142 hook (viim/v1/kv_offload/cpu/spec.py) : MIRER M
SUPPORTS_REPLICATED_LAYOUT, #3% _uses_shared_region(), BRIARE
current_platform.is_cuda_alike(), 3% hook & replicated fHHE—F KR, AKX
T°RA worker CPU buffer LR EEAEFKE mmap XA F ELE HRIR,

2. EM sizing 1138 (cpu/spec.py __init_ ) : replicated_layout &
config.replicated_layout and self._uses_shared_region() RE; EFEt num_copies
=1, kv_bytes_per chunk Rit#&|&X, cpu_page_size_per worker 5 num_blocks 85z
WHEE|IAITE, #£48R cpu_bytes_to_use T R EFRIKIEFAF] xTP,

3. A% create_worker R BCEEIR (cpu/spec.py) : EHEXIKBRIRT, &
replicated_layout AENFTAE rank BETE| slot 0 (REIAR) , FNEARZBEBIEMIZRE
RE|Ir B3 [0, world_size), AR — hook, #R sizing 5HERBZERSREE L
Ko

4. &3P TieringOffloadingSpec 1TA (tiering/spec.py) : override _uses_shared_region()
[E3RE True, EA tiering EFTAF & LA L BAELXZ X, FEE#H CUDA-alike BEIRE
. HREEAE,



5. MiRELE (tests/v1/kv_offload/test factory.py) : ¥
test_cpu_spec_replicated_layout_truth_matrix (EEExFE&42HF]) .
test_cpu_spec_replicated_sizing_on_shared_region (¥E|& sizing) .
test_cpu_spec_replicated_disabled_without_shared_region (¥#EE%&EIF) UKXR S
By test_cpu_spec_create_worker_rank_assignment (bb# replicated/ 3E replicated #

AXEAFR) .
R

« vlim/v1/kv_offload/cpu/spec.py (&3 KV #1%%; 23| source; 2R core-logic; &5
_uses_shared_region, create_worker) : BOZEE XM #3¥  uses_shared_region()
hook 3 E M replicated_layout [1#%5 create_worker rank o'Be, X EZEHrE—F5
KR,

« vlim/v1/kv_offload/tiering/spec.py (13 KV ##%; 5| source; EA core-logic; &5
_uses_shared_region) : 3#3¥ override _uses_shared_region() 1E3RE True, R¥#F
tiering JESRIEFTA & L replicated TARZE, EARMH CPU spec B CUDA-dlike & &
KE,

. tests/v1/kv_offload/test_factory.py (#Ei BITMR; KB test; ER test-coverage; &
=5 test_cpu_spec_replicated_config_preserves_per_rank_sizing,
test_cpu_spec_replicated_sizing_on_shared_region,
test_cpu_spec_replicated_disabled_without_shared_region,
test_cpu_spec_replicated_layout_truth_matrix) : ¥ 5 ANNRE ZF BB BEE.
HERXIRHEEA sizing, IFFEZFXIEKIEE LK. create_worker rank 2 BESEKML, =
PR EFIEIOIER X5 X,

XS CPUOffloadingSpec._uses_shared_region,
CPUOffloadingSpec.create_worker, TieringOffloadingSpec._uses_shared_region

RELREL A B

viim/v1/kv_offload/cpu/spec.py

BAOZEE X4 #3  uses_shared_region() hook 3 EHM replicated_layout 115
create_worker rank 4Bt, EEEZENE—FLXKIR,

class CPUOffloadingSpec(OffloadingSpec):
BLOCK_SIZE_ALIGNMENT = SharedOffloadRegion.BLOCK_SIZE_ALIGNMENT

def __init__(self, config: OffloadingConfig):
super().__init__(config)

cpu_bytes_to_use = self.extra_config.get("cpu_bytes_to_use")
if not cpu_bytes_to_use:
raise Exception("cpu_bytes_to_use must be specified in kv_connector_extra_config")

world_size = config.parallel.world_size
self.num_blocks = 0
self.kv_bytes_per_chunk = 0



self.cpu_page_size_per_worker = 0
# XEE: BREFRB AND HRBELREERE mmap X3 L,
# FETRHE (40 XPU B9FLA pinned tensor) B4R fail-closed,
# TN rank-0 writer gate & ack # rank>0 # store i1 buffer 2= M,
self.replicated_layout = config.replicated_layout and self._uses_shared_region()
if config.worker_kv_bytes_per_block > 0 and world_size > 0:
num_copies = 1 if self.replicated_layout else world_size
kv_bytes_per_block = config.worker_kv_bytes_per_block * num_copies
kv_bytes_per_chunk = kv_bytes_per_block * self.blocks_per_chunk
# 8/ worker AR TLE A/ : EERBIERIAKR/N
self.cpu_page_size_per_worker = kv_bytes_per_chunk // num_copies
aligned_kv_bytes_per_chunk = round_up(
kv_bytes_per_chunk, self.BLOCK_SIZE_ALIGNMENT
)
self.num_blocks = int(cpu_bytes_to_use) // aligned_kv_bytes_per_chunk
self.kv_bytes_per_chunk = aligned_kv_bytes_per_chunk

def _uses_shared_region(self) -> bool:
"""worker CPU buffer EE%EH®E mmap X (fIEHF rank fF tensor) . "
return current_platform.is_cuda_alike()

def create_worker(self, kv_caches: CanonicalKVCaches) -> CPUOffloadingWorker:
mmap_region: SharedOffloadRegion | None = None
if self._uses_shared_region() and self.num_blocks > O:
# replicated fifE: FrA rank # A slot 0 (B— MLA E|&)
if self.replicated_layout:
rank = 0
else:
# EEE: B RERIIITEZH [0, world_size) fBAL
world_size = self.config.parallel.world_size
rank = torch.accelerator.current_device_index() % world_size
mmap_region = SharedOffloadRegion(
engine_id=self.config.engine_id,
num_blocks=self.num_blocks,
rank=rank,
kv_bytes_per_block=self.kv_bytes_per_chunk,
cpu_page_size=self.cpu_page_size_per_worker,
)
# num_blocks == 0 B3R [E tensor B&f2 (= tensor FxR)
return CPUOffloadingWorker(
kv_caches=kv_caches,
blocks_per_chunk=self.blocks_per_chunk,
num_cpu_blocks=self.num_blocks,
mmap_region=mmap_region,

)
vlim/v1/kv_offload/tiering/spec.py



33 override _uses_shared_region() 183R[El True, f&¥#F tiering EIREFTAFE LW
replicated TARZE, ®HWE CPU spec B9 CUDA-alike EULE,

class TieringOffloadingSpec(CPUOffloadingSpec):
BLOCK_SIZE_ALIGNMENT = SharedOffloadRegion.BLOCK_SIZE_ALIGNMENT

@override

def _uses_shared_region(self) -> bool:
# Tiering EATE F 6 LR EARZF X, Eib replicated 1148
# RBEW CPU spec B CUDA-alike ¥EUE, TAKRIZFSZRI—K,
return True

@override
def create_worker(self, kv_caches: CanonicalKVCaches) -> CPUOffloadingWorker:
world_size = self.config.parallel.world_size
if self.replicated_layout:
rank = 0
else:
rank = torch.accelerator.current_device_index() % world_size
worker_mmap = SharedOffloadRegion(
engine_id=self._engine_id,
num_blocks=self.num_blocks,
rank=rank,
kv_bytes_per_block=self.kv_bytes_per_chunk,
cpu_page_size=self.cpu_page_size_per_worker,
)
return CPUOffloadingWorker(
kv_caches=kv_caches,
blocks_per_chunk=self.blocks_per_chunk,
num_cpu_blocks=self.num_blocks,
mmap_region=worker_mmap,

)

tests/v1/kv_offload/test_factory.py

g 5 ANRBETExBEEREER. EEXBEREK sizing, FEHEZFRBIIEE LRI
create_worker rank 2B5#Mt, Z PR EFMMILIER X ZIE,

@pytest.mark.parametrize("world_size", [2, 4, 8])
def test_cpu_spec_replicated_disabled_without_shared_region(
monkeypatch, world_size: int

# BIEE LRI 3E CUDA-alike FEIEE rank FAF pinned tensor,
# replicated RS HURFFXF; BN rank-0 writer gate & ack #

# rank>0 89 store T AHAT D2H copy, /E4EL load %% buffer,
import vlim.v1.kv_offload.cpu.spec as cpu_spec_module

monkeypatch.setattr(
cpu_spec_module.current_platform, "is_cuda_alike", lambda: False



worker_kv_bytes_per_block = SharedOffloadRegion.BLOCK_SIZE_ALIGNMENT
spec = _create_spec(
cpu_bytes_to_use=worker_kv_bytes per_block * world_size * 2,
worker_kv_bytes_per_block=worker_kv_bytes_per_block,
world_size=world_size,
replicated_layout=True,

)

assert isinstance(spec, CPUOffloadingSpec)

assert spec.replicated_layout is False

assert spec.cpu_page_size_per_worker == worker_kv_bytes_per_block
assert spec.kv_bytes_per_chunk == worker_kv_bytes_per_block * world_size
assert spec.num_blocks ==

it R A

Review BH#IF#E orozery £ 5, 2IWE NI BEEILIIR approve,

« docstring ¥&f&: orozery X _uses_shared_region BY7UKItEAEE H “Can we minimize
this comment?”, E&&E 3161201 #RXPERAZLNUNH, TENHFEEZLREHREE
PR #3RFoMiRE B E  (category: style) .

« MR Ep4 . orozery #3R Claude 2, ¥ test_cpu_spec_replicated_config_ignored_off_
shared_region BX4%& A test_cpu_spec_replicated_disabled_without_shared_region, 1E
ETE 3d396f3 &5C (category: testing) o

o ZHUAL rank MR orozery EIIER B Z replicated 2% By rank MR BkiE B S 554 A 51
, BZ= (replicated, device_index, world_size, expected_rank) A&, 1EELE 8e251a0
%z, FBREMRAEEE M (category: testing) o
- 40 Claude bot | fork PR B&) review #EA, K=4E£LFiTE,

- ¥5f8 _uses_shared_region docstring (style): fEE & 3161201 X A& A E SR,
B, EEEHRARYBE PR #HRE5EI TR T,

- MR 22N (testing): 1FEIE 3d396f3 R P RKKL .

. create_worker rank MRS (testing): EEE 8e251a0 IR P KA S ML
test_cpu_spec_create_worker_rank_assignment,

PESE-
- QFe:
1. FEIIIKI (fail-closed X&) : _uses_shared_region() BREIRIA is_cuda_alike()
, 3 CUDA-alike (4ETZ XPU) 1h£% rank 4 pinned tensor, ERKFEREHAE
1b3% hook SCILERS, FTREEAE buffer LIRFF replicated % /5, AR% PR fikay
“‘rank-0 writer gate ack T rank>0 # store 1B D2H copy, &4t load i3] %
buffer’#3EHIT, MR EA monkeypatch $TE T BEfE%R, B ABEES XPU B,
2. MLA ZH —BB&i%: =ERILEIIRE homogeneous TP BT context parallelism B
per-rank MLA KV Z¥—3, £RRXX#F CP %M TP, RE|AMRLILBHEIRIE
; AT replicated_layout BRE [ TRAFMEFE / FHTAR, XM E NMAMIEHER,



3. create_worker %% B#h: 3 replicated B2 rank ITEWEN (M is_cuda_alike()
A X PXA _uses_shared_region() @%) , BEFMERET TRELEH, "TRER AKX
B E D EBARNERE, STFEASEINRAE =,

4, BIESEE: E2E {X7E A100 TP=2 #% SI84E, store bytes ¥#fEZE 1/TP B greedy
ME—3K ZTE. EX TP, tiering XEGMZRARE Cl BE, - ®m: APM: £
A MLA #£& (40 DeepSeek-V2-Lite) + TP>1 + BRiA CPU offload E3RINERE, &
CUDA/ROCm L BEEIREBEGELEE xTP. D2H store REMRZE 1/TP Bylkzs, T EKE
E; store ZHIBRT NG IT writer (rank 0) , 5 tiering BAO{2—%K, 3
CUDA-alike FF& (XPU) 1TARZE, H4{E A4S rank FAF tensor, AZM:
_uses_shared_region() BkA offload spec WEEY B A, BELEHEImEN replicated
B RESLZIMIZ hook; TieringOffloadingSpec T AR EFRE, BFAM: % PR 2
#47929 iTXIGKE, FHA #48408 9% 4H / 3E MLA uniform R BH#HEE, NRUKE
ELEERT, MRBEALD, BIFRAME. - RRARE: FE&11F fail-closed /&# , MLA
BIARFH—EMBRIER , XPU RIFAHBER , E2E (RIIEE T 5 TP=2

KERIK L

« PR #50094 CPUOffloadingSpec worker CPU buffer moves to SharedOffloadRegion: 4~
PR BIEZRIE: ¥BRIAGESE worker buffer IR B HEZ XK, A {£45 replicated EE 4T
; PR body BA#AS| H A prerequisite,

« PR #48414 Parallelism-agnostic canonical allocation layout: PR body ® 5| R3r48 T/E
, %32 canonical allocation #fF (#50094 X3%) , &L replicated-layout 1138, §
PR LEE,



