PR #23316 BEIRLE

sgl-project/sglang
[UnifiedRadixTree]: Support HiCache Framework for UnifiedRadixTree
& 3tmtE: 2026-05-03 22:13

JRSCEERE: http://prhub.com.cn/sgl-project/sglang/pull/23316

PATHRE

« —4)3E: UnifiedRadixTree &% HiCache, %—G4A A

- #ESE: A PR & UnifiedRadixTree &% HiCache WERRHMEE, H R EFIZOEM.
Z BRI ENEEE, EERREELEEMAZITRE, 552 EvictLayer A AB M4
B EEONIE AR, EIXE S #F unified_radix_cache.py ¥ init_hicache foJEi&
BERRE, UREAMT build_hicache_transfers BISZH, X EREY B L3 BOEARL,

Th RES EAL

AE PR #R, ZZE A UnifiedRadixTree i HiCache X3, A% — Full. Mamba &8
KIREHEMENEE /| INBEHEEGAM, B UnifiedRadixTree gE% AR & & MERE fn
DeepSeek DSA NiE#EA B A HiCache, FH#ZMTHAEMNIERZR / mEREZE. BN
D-leaf/H-leaf BREZ. HBIAMBENIG LRU BE, URFZE—EEFH HiCache M / =% EH
Ko Issue WL HF linjianyu233 Fo icepoint6b6b il TR E AL i 3tiEFa E M.

SCEL AR

1. LRU 3£y B SR SRBMHE: & unified_radix_cache.py #, UnifiedTreeNode ¥
backuped fa evicted B, AT Full KV 25 BEEMBE ENKEHRMREIRZR,
UnifiedLRUList 340 use_host_ptr &4k, AEWN LRU LEMILAFEHEN, BRE5RE
LRU 542,

2. WEESEMMEBEMKE: & tree_component.py FE X EvictLayer (IntFlag: DEVICE.
HOST. ALL) #m CacheTransferPhase (BACKUP_HOST. LOAD_BACK.
BACKUP_STORAGE. PREFETCH) , AR BIRZEFMEFIHIRELT 2L AER,

3. AFEDEM: BEAH (FullComponent, MambaComponent, SWAComponent) B
evict_component &£ M (node, is_leaf) -> int B&A (node, target: EvictLayer) ->
tuplefint, int], RERES EHBEIK token FE., FE build_hicache_transfers.
commit_hicache_transfer. drive host eviction E#% %, ZBAMEHRESZINEN LRU
TR AL, i FullComponent T evict_component H R AIBREEfMENERN
Bk, FHE redistribute_on_node_split 3 host_value,

4. UnifiedRadixCache EEIRERK: EEEILXTIRM init_hicache.
register_hicache_anchor_kv_shared_indices_pool. _unevict_node_on_insert.
_for_each_component_lru fo evict_host X%, hiRRES ENENEIEELH. EER
RMNEBEEEY BAREEERZ + THE Z R EIR)REF AT



5. RERSMAREIFEAR: scheduler.py Fo hybrid_pool_assembler.py B AL RA &,
fE H Z#HHr89 HiCache B842 (41 Load-back fi & Ao EHMATEL)

6. MREE: test_unified_radix_cache_unittest.py #7138 MNIFZR MR, (RFBEIR. REX.
LRU JFFF%) ; test_unified_radix_cache_kl.py & EMR, CI # CUDA13 FFHH B
BkE 4 HiCache MR,

R

« python/sglang/srt/mem_cache/unified_radix_cache.py (#3k Z%5E; 2£%8| source; 3£
A core-logic; &5 backuped, evicted, _reset_full, init_hicache) : E&HF3E, I
backuped/evicted B, ¥ B LRU 3R ARIEFHE, FH &K HiCache #3b5 XX thiR
FiE,

« python/sglang/srt/mem_cache/unified_cache_components/mamba_component.py (&
Mamba B#F; 255 source; R core-logic; 5 evict_component,
build_hicache_transfers, commit_hicache_transfer, drive_host_eviction) : Mamba %8
£, FECEIRIFEFHEMENERE, & finalize_match_result # &32 F HL4 K E DUk
RN E,

« python/sglang/srt/mem_cache/unified_cache_components/full_component.py (iR &
EAM: %7 source; ER core-logic; &5 node_has_component_data,
finalize_match_result, evict_component, drive_host_eviction) : @&, IEENE
IRZE L F, EM redistribute_on_node_split L& #| host_value,

« python/sglang/srt/mem_cache/unified_cache_components/tree_component.py (& i
AR KA source; EA core-logic; &5 EvictLayer,
node_has_component_data, evict_component) : WA EE, EF X EvictLayer #&Zfo
CacheTransferPhase, E#J node_has_component_data 2 evict_component 0 X
R EZ.

. test/registered/unit/mem_cache/test_unified_radix_cache_unittest.py (iR BTN ;
K5 test; KA test-coverage; &5 test_evict_leaf frees_all_components,
test_evict_cascade_parent_becomes_d_leaf, test_evict_iterative_tombstone_cleanup,
test_evict_respects_Iru_order) : #3g 8 NZRENIAE 2R FBKR. &EL. LRU IRFE
%5, iR HiCache IEZRZ B IF#,

« python/sglang/srt/mem_cache/unified_cache_components/swa_component.py (iR
SWA B#F; 285 source; ER core-logic; 5 evict_component) : SWA B{F3&E B HTHY
evict_component &%, BEARAXIFEINE (HOST E#FERE 0) , HIE drive_eviction F
X4 D-leaf AR &,

X5 backuped, evicted, init_hicache, register_hicache_anchor_kv_shared_indices_
pool, _unevict_node_on_insert, _for_each_component_Iru, evict_host, evict_component,
build_hicache_transfers, commit_hicache_transfer, drive_host_eviction,
node_has_component_data, finalize_match_result, EvictLayer, CacheTransferPhase,
redistribute_on_node_split, create_match_validator, drive_eviction

KR Fr B]



python/sglang/srt/mem_cache/unified_radix_cache.py

FEEE, I backuped/evicted BME. ¥ LRU 3R ARIEFHE, HEMK HiCache ¥4
15 IR R Z 5,

from sglang.srt.mem_cache.unified_cache_components import (
_NUM_COMPONENT_TYPES,
ComponentData,
ComponentType,

)

from sglang.srt.mem_cache.radix_cache import RadixKey

from typing import Optional

class UnifiedTreeNode:
counter = 0

def __init_ (self, tree_components: tuple[ComponentType, ...]):

self.parent: Optional['UnifiedTreeNode']l = None

self.key: Optional[RadixKey] = None

# A EEESI&, #% ComponentType &3l

self.component_data: listfComponentData] = |
ComponentData() for _ in range( NUM_COMPONENT_TYPES)

]

self.last_access_time = get_and_increase_time_counter()

self.hash_value = None # £# 7 |B# host_value FE

self.hit_count = 0

# LRU #8%: KEY EHRN _NUM_COMPONENT_TYPES * 2,

# AT BARE LRU A, BEFBEAEIN LRU RGBS AEAL

self.lru_prev: list[Optional['UnifiedTreeNode']] = [None] * (
_NUM_COMPONENT_TYPES * 2

)

self.lru_next: list[Optional['UnifiedTreeNode']] = [None] * (
_NUM_COMPONENT_TYPES * 2

)

self.id = UnifiedTreeNode.counter

UnifiedTreeNode.counter += 1

@property
def backuped(self) -> bool:
"Full KV ZEEEH B EN (RIE host_value BT IETHIBT) "

return self.component_data[ComponentType.FULL].host_value is not None

@property
def evicted(self) -> bool:
""Full KV EMNREREZE (FERT = H value AZ) "
return (
self.parent is not None
and self.component_data[ComponentType.FULL].value is None



class UnifiedLRUList:
def __init_ (
self,
component_type: ComponentType,
tree_components: tuple[ComponentType, ...],
use_host_ptr: bool = False,

self.component_type = component_type
# FEHEALTE . EA LRU ERRS slot, BR5%E LRU PR
self._pt: int = component_type + (
_NUM_COMPONENT_TYPES if use_host_ptr else 0
)
self.head = UnifiedTreeNode(tree_components)
self.tail = UnifiedTreeNode(tree_components)
self.head.lru_next[self._pt] = self.tail
self.tail.lru_prev[self. pt] = self.head
self.cache: dict[int, UnifiedTreeNode] = {}

python/sglang/srt/mem_cache/unified_cache_components/mamba_compone
nt.py

Mamba B4F, FEULECIRIEES F3EMENEMRZE, FE finalize_match_result F4IE FHLapF K
& AR & N =,

from sglang.srt.mem_cache.hicache_storage import PoolName, PoolTransfer
from sglang.srt.mem_cache.unified_cache_components.tree_component import (
CacheTransferPhase,
ComponentType,
EvictLayer,
TreeComponent,
get_and_increase_time_counter,

class MambaComponent(TreeComponent):
component_type = ComponentType. MAMBA

def __init__(self, cache, params):
super().__init_ (cache, params)
self.enable_mamba_extra_buffer = params.enable_mamba_extra_buffer
self._mamba_pool_host = None # HiCache & B BH{E&FEN mamba pool

def create_match_validator(self):
ct = self.component_type
# HiCache: #IRZ(ER TN EH T 2 RAEIEN A RICE A F
return lambda node: (
node.component_data[ct].value is not None
or node.component_data[ct] .host_value is not None

def finalize_match_result(self, result, params, value_chunks, best_value_len):



# ... B8 Copy-on-Write 34 ...
# HiCache: & mamba {EEEE EHIRZFEEN LA &R,
# M#IR host_hit_length >= 1 AR B SinEkE
host_node = result.last_host_node
cd = host_node.component_data[self.component_type]
if cd.value is None and cd.host_value is not None:

result = result._replace(

host_hit_length=max(result.host_hit_length, 1)
)

return result._replace(mamba_branching_seglen=branching_seglen)

python/sglang/srt/mem_cache/unified_cache_components/full_component.p
y

A EAM, FHINEIRZE LRI, ZEM redistribute_on_node_split L E 4| host_value,

import heapq
from sglang.srt.mem_cache.hicache_storage import PoolName, PoolTransfer
from sglang.srt.mem_cache.unified_cache_components.tree_component import (
CacheTransferPhase,
ComponentType,
EvictLayer,
TreeComponent,

class FullComponent(TreeComponent):
component_type = ComponentType.FULL

def _init_ (self, cache, params):
super().__init__(cache, params)
allocator = cache.token_to_kv_pool_allocator
# BHEE SWA B, REIX full-attention KV
if ComponentType.SWA in cache.tree_components:
self. free_full = allocator.full_attn_allocator.free
else:
self. free full = allocator.free
self._full_kv_pool_host = None # HiCache B RAREEEMN KV pool

def evict_component(self, node, target=EvictLayer.DEVICE):
cd = node.component_data[self.component_type]
freed = 0
host_freed = 0

# REBERZR

if EvictLayer.DEVICE in target and cd.value is not None:
self._free_full(cd.value)
freed = len(cd.value)
self.cache.component_evictable_size_[self.component_type] -= freed
#3E&: cd.value = None #E3R 3| cascade_evict,
# AR SWA B free 738 E Full.value



# FNERZE
if EvictLayer.HOST in target and cd.host_value is not None:
host_freed = len(cd.host_value)
if self._full_kv_pool_host is not None:
self._full_kv_pool_host.free(cd.host_value)
cd.host_value = None
return freed, host_freed

def redistribute_on_node_split(self, new_parent, child):
ct = self.component_type
new_parent.component_data[ct].lock_ref = child.component_data[ct].lock_ref
child_cd = child.component_data[ct]
split_len = len(new_parent.key)
# RELEEE
if child_cd.value is not None:
new_parent.component_data[ct].value = child_cd.value[:split_len].clone()
child_cd.value = child_cd.value[split_len:].clone()
# RE|EHNIE (HiCache)
if child_cd.host_value is not None:
new_parent.component_data|ct] .host_value = child_cd.host_value]|
:split_len
].clone()
child_cd.host_value = child_cd.host_value[split_len:].clone()
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