PR #48408 &R LE

vlim-project/vlim
[KV Connector] Add per-layer canonical KV page mappings for parallelism-agnostic offload
SFBtla: 2026-07-31 19:42

JRSCEESE: http://prhub.com.cn/viim-project/vlim/pull/48408

PATHRE

o —AE: KV HEBFTIRE canonical TIBLE, XEFBEHITEREER

- EDME: BB, ZWF canonical_mapping.py 1{a A ByteRegion/CopyRun &ik
NHD/HND. packed/split. TP/GQA/MLA. DCP/PCP #E-&BREt, UK
CanonicalPageMapping.is_writer # block ## 87 #H39#7%1t; X2 vLLM KV offload
ARFATLRENNKE—F, BIE S follow-up #48414 —#2RIE, T AEH R ImAnfafE
FR X gt

THRES B

PR body #tBA: E—FH/TEE (TP/DCP/PCP) T#IZEI KV cache, FEHEAE B —FHATE
ETHEHRER: MMET CanonicalkKVCacheRef RiBFE tensor 5TUA/N, TERAFHR
BT X Ao AMIIA canonical (THAT) TUEAF RN, LFIEHITHERLZERE
sharding.py (FTASEAL canonical_mapping.py) , T HEBRA—WNFTBE, [ssue b
oandreeva-nv &8 MambaSpec BIZIFERE, WA canonical M EERERZELZE X
A, mYREISZILRIAGE Attention £ E,

SRR

1. ZBEANO5#ZK: vliim/distributed/kv_transfer/kv_connector/v1/offloading_connector.p
y £ WORKER 4% #3& OffloadingConnectorWorker Bt#r38452 viim_config;
vlim/distributed/kv_transfer/kv_connector/v1/offloading/worker.py B
register_kv_caches #EHM#E CanonicalKVCaches Z RiAH
derive_canonical_mappings(vlim_config, kv_cache_config, kv_caches), #FiE&E3|8
mapping #F3|EA CanonicalKVCacheRef E,

2. BIERAY R viim/vl/kv_offload/base.py #3 CopyRun (HKMHFEFTHRKA:
fragment X/I\. #E. A /canonical #K) #n CanonicalPageMapping (canonical TU
KN, AHTUA/N. runs. num_writers/writer_index. parallelism_agnostic #7&) , 3F
23, is_writer(block_id) ## block #3534 ; CanonicalKVCacheRef 38 n= 2 F &
mapping (None F5RFKIAIE) »

3. BETIE SAZ: FTHE canonical_mapping.py (444 4T) o RankContext SLEE rank B
B 58 (tp/dep/peplinterleave/total_kv_heads) , _layer mapping 3#BEIAIE: MLA £
latent B &|A + CP token X i; L@ Attention 1&3E total_kv_heads 5§ tp X AX L
head sharding 5 GQA £#l, B&/An DCP/PCP B token X5, KREf/R.



per-token-head B JE Attention BE3RE None, B opaque_fallback _mapping &R
rank-private. parallelism_agnostic=False B4JRJEBEY (fail closed) o

4. MBEBEARFIRF]: attention_byte_regions #R#E tensor shape/stride X4 packed/split 5
NHD/HND m## &, packed kv regions/ split_kv_regions ITE&EA token EE —KH
ByteRegion (&MufmF%. canonical fR#5. & token FH %K. canonical token ) ;
_coalesce_runs & EL BB copy op BHE, £ rank RSB AR —RE N,

5. B EMRELE: verify_tiling ZEBBIEAXT worker group BJ&% layer mapping 71
tiling #%& (8 canonical TUEFHE Z—R) ., ¥ tests/vi/kv_connector/unit/offlo
ading_connector/test_canonical_mapping.py, 26 NJ GPU MR & = M B 8
placement. GQA/MLA writer %%, DCP/PCP Xi. ¥ TP store/load F¥F EERUK
fail-closed I 12; tests/v1/kv_connector/unit/offloading_connector/test_worker.py & &g

FHEL L, HUWEEEEA certified 3 opaque B9 mapping.
P 3¢

« vlim/distributed/kv_transfer/kv_connector/v1/offloading/canonical_mapping.py (&
BRETHE S 28| source; LR core-logic; &5 _RankContext, ByteRegion,
_coalesce_runs, _local_to_canonical_token) : ¥38 444 TR SEIR, £H23H
fT#3EZ 3 (TP/DCP/PCP) , o Tt ¥ T4k CopyRun BREY, 5 fail-closed By
opaque $J&.

« tests/v1/kv_connector/unit/offloading_connector/test_canonical_mapping.py (#3k Bk
EPMAR; 285 test; KA test-coverage; &5 _ctx, _full_spec, _mla_spec,
_split_nhd_cache) : ¥# 474 4K, 26 N GPU FABIE = e ¥38 7 8
placement. GQA/MLA writer #% . DCP/PCP X4&. B TP store/load F¥ HIfrS
fail-closed |12,

« vlim/v1/kv_offload/base.py (3% EI#iZ; KA source; ER core-logic; &5
CopyRun, CanonicalPageMapping, is_writer, CanonicalKVCacheRef) : X CopyRun
5 CanonicalPageMapping #3E# 4y, #% CanonicalKVCacheRef 38 in® & mapping &
B, RTHEAERERBBEAFKER,

« vlim/distributed/kv_transfer/kv_connector/v1/offloading/worker.py (3R sEHE; 27
source; A& dependency-wiring; &5 OffloadingConnectorWorker,
register_kv_caches) : & XEA : M3EIIE viim_config 1K#i, register_kv_caches &
A derive_canonical_mappings 318 mapping 32| CanonicalKVCacheRef,

. tests/v1/kv_connector/unit/offloading_connector/test_worker.py (#E3k ZEEZEMR,; &£
B test; LA test-coverage; &5 _single_rank vlim_config) : EECHFHES L IR
_single_rank_vlim_config, BiE&E4fE certified 2 opague mapping, FFE/3,

« vlim/distributed/kv_transfer/kv_connector/v1/offloading_connector.py ({1 3EHEE ;
%7 source; ER core-logic; &5 OffloadingConnector) : WORKER 4%k #yi&
OffloadingConnectorWorker BHE A vlim_config, SERRIELFIER,

X5 derive_canonical_mappings, _layer_mapping, _interleave_cp_tokens,
_local_to_canonical_token, coalesce_runs, _attention_byte_regions,
_packed_kv_regions, _split_kv_regions, _opaque_fallback_mapping, _verify_tiling,
CanonicalPageMapping.is_writer



RERED R B
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2%

P 444 TR SR, &P &IITHIEEE (TP/DCP/PCP) , mMTH M FNR
CopyRun BRET, FF523 fail-closed By opaque FJ&.

def _layer_mapping(
spec: KVCacheSpec,
kv_cache: torch.Tensor | list[torch.Tensor] | None,
num_blocks: int,
ctx: _RankContext,
) -> CanonicalPageMapping | None:
"""Certified mapping for one layer at one rank, or None (fail closed)."""
# RA Attention 2 spec BEIAIE; Mamba SR H#ERE None, & opaque R
if not isinstance(spec, AttentionSpec):
return None
bs = spec.block_size
page = spec.real_page_size_bytes
# CP 3Z=EXK interleave BEEER block_size, TNT3EE chunk X5 token
if ctx.cp_size > 1 and (ctx.interleave > bs or bs % ctx.interleave):
return None

if isinstance(spec, MLAAttentionSpec):
# MLA B8y latent 2 TP &%, CP 148, AHMAIELRGRE
if (
spec.compress_ratio =1
or page % bs
or ctx.tp_size % ctx.dcp_size
or spec.kv_quant_mode.is_per_token_head

return None

row = page // bs # &/ token B latent F¥#k

return CanonicalPageMapping(
canonical_page_size_bytes=ctx.cp_size * page,
local_page_size _bytes=page,
runs=_interleave_cp_tokens([ByteRegion(0, 0, row, row)], bs, ctx),
num_writers=ctx.tp_size // ctx.dcp_size, # & #l1o %k
writer_index=ctx.tp_rank // ctx.dcp_size,
parallelism_agnostic=ctx.cp_size ==

# per-token-head Eft (WXL FPE) TIAAF FIRETRIX, EEELINLE

if spec.kv_quant_mode.is_per_token_head or not isinstance(kv_cache, torch.Tensor):
return None

total, tp = ctx.total_kv_heads, ctx.tp_size

if spec.num_kv_heads != max(1, total // tp):
return None



if total >= tp:
if total % tp:
return None
num_head_shards, replication = tp, 1 # #i head sharding, &%
else:
if tp % total:
return None
num_head_shards, replication = total, tp // total # GQA: head £l
# DCP ZE¥AMRE KV 895 H|HR 14 token
if replication % ctx.dcp_size:
return None

head_shard = ctx.tp_rank // replication
regions = _attention_byte_regions(
kv_cache, spec, num_blocks, head_shard, num_head_shards, ctx.cp_size
)
if regions is None:
return None # #1328 B L7ARA, fail closed
return CanonicalPageMapping(
canonical_page_size_bytes=ctx.cp_size * num_head_shards * page,
local_page_size bytes=page,
runs=_interleave_cp_tokens(regions, bs, ctx),
num_writers=replication // ctx.dcp_size,
writer_index=(ctx.tp_rank % replication) // ctx.dcp_size,
parallelism_agnostic=ctx.cp_size == 1,

)
viim/v1/kv_offload/base.py

E X CopyRun § CanonicalPageMapping #iER4A), F#%4 CanonicalKVCacheRef ¥EAn+ =
mapping F&, ETHATAEEERBAQNLER,

@dataclass(frozen=True)

class CopyRun:
"R KNFET R AR B i fragment B EARMTT
[local_offset + i * local_stride, +fragment_size) 5 canonical T
[canonical_offset + i * canonical_stride, +fragment_size),
Bl rank RS MW _coalesce_runs IEBKET— RN,
local_offset: int
canonical_offset: int
fragment_size: int
num_fragments: int
local_stride: int
canonical_stride: int

@dataclass(frozen=True)
class CanonicalPageMapping:

""" A worker BYYIFE T4 BRES R canonical (B#H4T) o



REHRRNER, WARFEFIML; runs RaEETEARMT,
BHEARZHHZA rank 32 block BHiESEE A,

canonical_page_size_bytes: int # canonical WA/N (&FrA TP/CP oK)
local_page_size_bytes: int # 4~ worker 5% padding B4 TT A/

runs: tuple[CopyRun, ...] # AT <-> canonical T HFE S XA
num_writers: int # 38 ZT2MERFTH rank K=

writer_index: int # A~ worker X% rank P8 F 5
parallelism_agnostic: bool # ZREEFEEFHATERE LK (cp_size == 1)

def is_writer(self, block_id: int) -> bool:
"B A worker & RiZ block I ANE
% block_id 3%, LIFAEMAEF T rank 4P store RE,

return block_id % self.num_writers == self.writer_index

it R A
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