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KPR R B
vlim/model_executor/layers/quantization/turboquant/config.py

TurboQuant B SELE E X, BEHLIMIRA TurboQuantConfig 3, 1EAENEWRARZLEH
BAERYA, BEYHESREILAEEME,

# SPDX-License-Identifier: Apache-2.0
# SPDX-FileCopyrightText: Copyright contributors to the vLLM project
IIIIIITuronuant Kvgﬁ/ﬁ%'f‘bmﬁx{*c nnn

import math
from dataclasses import dataclass

# HETQMIR: SN ATREE N E S,
# key_quant_bits: 8 = FP8#, 3-4 = MSE (Lloyd-Max) E1b¢,
# value_quant_bits: 3-4 = ¥4 EL(E,
TQ_PRESETS: dict[str, dict] = {
"turboquant_k8v4": {
"key_quant_bits": 8,
"value_quant_bits": 4,
"norm_correction": False,
|3
"turboquant_4bit_nc": {
"key_quant_bits": 4,
"value_quant_bits": 4,
"norm_correction": True,
|
"turboquant_k3v4_nc": {
"key_quant_bits": 3,
"value_quant_bits": 4,
"norm_correction": True,
|3
"turboquant_3bit_nc": {
"key_quant_bits": 3,
"value_quant_bits": 3,
"norm_correction": True,

@dataclass
class TurboQuantConfig:



""TurboQuant KVE#% BILEE 3%,

£ A PolarQuant (WHTH#E% + Lloyd-MaxtrEE1k) ALIE8E,

WA EMNAIEE, QL (ENERER) HREEE—

MHEIIR (5+MrH) EMELERsoftmaxiEAT £, MEITBEARE,
head_dim: int = 128 # T E AL %E

key_quant_bits: int = 3 # #E{LEK: 3-4 = MSEH, 8 = FP8#
value_quant_bits: int = 4 # [EEMEK: 3-4 = WEAENE

seed: int = 42 # FEHLFPF

norm_correction: bool = False # & #ITSEERIE

@property
def key_fp8(self) -> bool:
"REAFPSRMER, (TLief/EM) . "

return self.key_quant_bits ==

@property
def mse_bits(self) -> int:
""MSEEMEME, REFROIKE (2 mse_bits) , "
if self.key_fp8&:
# FPEEERNT, ERIEEMAER, FANATEERENFAERD NS
return self.value_quant_bits
return self.key_quant_bits

@property
def n_centroids(self) -> int:
"""}Jﬁ:/t\\ﬁ%o nnn

return 2 ** self.mse_bits

@property
def key_packed_size(self) -> int:
"EANREENITEF IR, "
if self.key_fp8&:
return self.nead_dim # #NTERI1FET
mse_bytes = math.ceil(self.head_dim * self.key_mse_bits / 8)
norm_bytes = 2 # vec_norm{& Afloat16
return mse_bytes + norm_bytes

@property

def value_packed_size(self) -> int:
" AMER EITEF K,
data_bytes = math.ceil(self.head_dim * self.value_quant_bits / 8)
return data_bytes + 4 # +2 scale(fp16) +2 zero(fp16)

@property
def slot_size(self) -> int:
AN EMIENRITEFE TR (B+E) o "

return self.key_packed_size + self.value_packed_size



vlim/v1/attention/backends/turboquant_attn.py

TurboQuant STE AR TSI, E£/RE VLM v1 STEH A%, AIETER. i sEk
12, BMeEARENZS,

# SPDX-License-Identifier: Apache-2.0
# SPDX-FileCopyrightText: Copyright contributors to the vLLM project
""TurboQuanti & 1 JE 3 2,

FiZ: EREBKNVERITIRBBHATLEA, REBIKHFIHK VISR,
B WEREFITETQEEADK, BEFPISE, BTsoftmaxfainiX ki,

import functools

import math

import torch

import torch.nn.functional as F

from vlim.config import get_current_vlim_config

from viim.v1.attention.backend import AttentionBackend, AttentionImpl

from vlim.v1.attention.ops.triton_turboquant_decode import triton_turboquant_decode_attention
from viim.v1.attention.ops.triton_turboquant_store import triton_turboquant_store

# SORMADEME: HEERKE S WEN, BERERTORBARZ, BReREMITH.
_CONTINUATION_DECODE_THRESHOLD = 128

def build_hadamard(d: int, device_str: str) -> torch.Tensor:
"}3EIE XHadamard4EfE (Sylvesterfyit) |, #(d, ®&)EHF.

it EDxDAEME B A E T EMEFHWHT—EANcUBLAS GEMMAR Elog2 (D) )RR NAZ B 5,
FFD=128, K/\NA64KB,

return _build_hadamard_cached(d, str(torch.device(device_str)))

@functools.cache
def _build_hadamard_cached(d: int, device_str: str) -> torch.Tensor:
""Hadamard4EFF I EFRA, FAREN(, &&) RItE—R, "
H = torch.tensor([[1.0]])
while H.shape[0] < d:
H = torch.cat([torch.cat([H, H], 1), torch.cat([H, -H], 1)], 0)
return (H / math.sqgrt(d)).to(torch.device(device_str))

class TurboQuantAttentionBackend(AttentionBackend):
""" A TurboQuant KV&HFE4E0ER A G """
supported_kv_cache_dtypes = [
"turboquant_k8v4",
"turboquant_4bit_nc",

"turboquant_k3v4_nc",
"turboquant_3bit_nc",



@staticmethod
def get_name() -> str:
return "TURBOQUANT"

@classmethod
def supports_attn_typel(cls, attn_type: str) -> bool:
return attn_type == "DECODER" # {X X ARG BT E KR

@staticmethod
def get_impl_cls() -> type['TurboQuantAttentionImpl"]:
return TurboQuantAttentionImpl

class TurboQuantAttentionImpl(AttentionImpl):
""TurboQuant/ZEA5ZH, AEEMAKRI=ZEE, "
def forward(
self,
query: torch.Tensor,
key: torch.Tensor,
value: torch.Tensor,
attn_metadata: "AttentionMetadata",
) -> torch.Tensor:
"R EMERE, RIBTOERIE X 0 PUR R AR BEAR,
# B R FUE R IE K
decode_meta, prefill_meta = split_decodes_and_prefills(attn_metadata)
output = torch.empty_like(query)

if decode_meta is not None:
# FRFD A2 {E A Triton TQARRD AAZ
output = triton_turboquant_decode_attention(
query, key, value, decode_meta, self.layer
)
if prefill_meta is not None:
# FUEZER/R: EAFlashAttentionZ IR ESDPA, REHMEEIKY
if prefill_meta.is_continuation and prefill_meta.q_len <= _CONTINUATION_DECODE_
THRESHOLD:
# /NEBE IR B AR N
output = triton_turboquant_decode_attention(
query, key, value, prefill_meta, self.layer
)
else:
# O KEERVIBHIER, £ AFlashAttention
if _"HAS_FLASH_ATTN:
output = flash_attn_varlen_func(query, key, value, ...)
else:
output = F.scaled_dot_product_attention(query, key, value)
# GREEMKVEIER
triton_turboquant_store(key, value, self.layer, ...)
return output



it A A
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R R NAER, MR DAL AT R&R 68-79%,
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BFAE
« RAGZRM:
- AR BEFRD KV ZFERGFEA, #AF GPU TR FH|KE S E R/,
< HE: WEL / REATHE, TeERRETE, LEERFIIEES R,
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