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cuTe /@, cp.async ZE K&, PTX RECCHRERTT, RAZS BRI ITHESREL,
XFER DSv4 AR ERA, WL BRI ML,

ThRES EAL

PR body #gH nsys profile 7~ dequantize_and_gather_k_cache # DSv4 prefill F 5 A E
ErTiE, BYRw A AERME (EIERIRY 60 GB/s) , RAMERIM. BARREARNZE
it, 4E5E prefill ZE3R,

SRR

1. ¥3¢ CuteDSL W#Z(dequant_gather_k_cutedsl.py): EX
DequantGatherKCacheKernel 25, R cuTe iR K Z2H5HF 9N k data 1 k_scale F
MLE, BaIMEA (batch, 1024), B/MMERLE 1024 A CTA FH4TAIERFE token; 1
N warp %38 1 AN token, I 448 FP8 TERARMMEM, & 64 BF16 TEEHEHD, @
cp.async 2, 4 FRKKFERMANFLER,

2. 3EAF T B (cutedsl_utils.py): ¥ fused_indexer_g_cutedsl.py FEIRBCHEFER (dn
_fp8x4_to_bf16x4. _bf16x2_mul &) IR EESR, EMREENRE, #£/ CuteDSL K
#%3| A,

3. EM fused_indexer_g_cutedsl.py: MIMRBERBE X TEREK, BRAM cutedsl_utils &
A, KE)E/IMERERI,

4. Ik & & (cache_utils.py): J& dequantize_and_gather_k_cache E+#p& A
dequantize_and_gather_k_cache_triton; #1 dequantize_and_gather_k_cache &K1EA
AB, i has_cutedsl() HEFFE, themmk CuteDSL ARA, TRIER Triton, T
R E K,

5. 98’5 B ITNR (test_compressor_kv_cache.py): ¥
_dequantize_and_gather_k_cache_reference &4 Python %53, SILMNRE Z %N
W&ot gather_lens fmi%3%%, Hafk FP8 5 BF16 o LED,

R



vlim/v1/attention/ops/deepseek_v4_ops/dequant_gather k_cutedsl.py (3R FEAHEF
; KA source; £ core-logic; 5 dequantize_and_gather_k_cache_cutedsl,
DequantGatherKCacheKernel, init, call) : BooFTRNAASEZI, EXT CuteDSL ARAE]
dequantize_and_gather_k_cache, &% cuTe fiR¥l4%. cp.async K&, BEIMI&E
TEXBEE,

vlim/v1/attention/ops/deepseek_v4_ops/cuteds|_utils.py (13 THE R EK; K5 source;
KA utility; 5 _recast_val, fp32x2_to _bf16x2, bf16x2_to_fp32, bfl16x2_abs) :
g PTX RTRERHES, #HE/ CuteDSL AEFEZEEA,
vlim/v1/attention/ops/deepseek_v4 ops/fused_indexer_qg_cutedsl.py (3R SFEHEF
: 23| source; R refactor; 5 _recast_val, _fp32x2_to_bf16x2,
_bf16x2_to_fp32, _bf16x2_abs) : T, MMREEN T ERIKENX, KAMNM
cutedsl_utils A, #AMNRLE M,
vlim/v1/attention/ops/deepseek_v4_ops/cache_utils.py (#tk ZHFTE; 25| source;
A dispatcher; &5 dequantize_and_gather_k_cache,
dequantize_and_gather_k_cache_triton) : %0 CuteDSL JrR& 28, ARIBIFIFLIFAALE
B, &Y Triton EERERLZ,

tests/kernels/test_compressor_kv_cache.py (#3R Mis; 2K%7| test; £H test-coverage

; f&5 _dequantize_and_gather_k_cache_reference,
test_dequantize_and_gather_k_cache) : #3 dequantize_and_gather_k_cache B&%
SIS SR, IR IERAE,

XS dequantize_and_gather_k_cache_cutedsl, DequantGatherKCacheKernel.init,
DequantGatherKCacheKernel.call, dequantize_and_gather_k_cache,
dequantize_and_gather_k_cache_triton, _dequantize_and_gather_k_cache_reference,
test_dequantize_and_gather_k_cache, _fp8x4_to_bf16x4

RBIRED R B

viim/v1/attention/ops/deepseek_v4 ops/dequant_gather k_cutedsl.py

BooH RAZSZHL, EX T CuteDSL ARAHY dequantize_and_gather_k_cache, &4 cuTe #
B4 . cp.async K&, BEIMRIRITERREE,

class DequantGatherKCacheKernel:
# head_dim=512, ] 448 A FP8, J& 64 A BF16, & 64 ;LE— scale
head_dim = 512
group_size = 64

def __init__(self, fp8_dim: int = 448, block_size: int = 64):
self.fp8_dim = fp8_dim
self.bf16_dim = self.head_dim - fp&_dim # 64
self.data_dim = fp8_dim + self.bf16_dim * 2 # & token HIEFH %k
self.block_size = block_size
self.num_warps = 4
self.tb_size = self.num_warps * 32
self.num_stages = 4 # cp.async RIKLKEE



@cute.jit
def _call_(
self,
out: cute.Tensor,
k_cache: cute.Tensor,
seq_lens: cute.Tensor,
gather_lens: cute.Tensor | None,
block_table: cute.Tensor,
offset: Int32,
stream: CUstream,

# ¥ FIEE k_cache 3F A k_data Fo k_scale FNAE
k_data = cute.make_tensor(
k_cache.iterator,
layout=cute.make_layout(
(k_cache.shape[0], self.block_size, self.data_dim),
stride=(k_cache.stride[0], self.data_dim, 1),

)

k_scale = cute.make_tensor(
k_cache.iterator + (self.block_size * self.data_dim),
layout=cute.make_layout(
(k_cache.shapel0], self.block_size, 8),
stride=(k_cache.stride[0], 8, 1),

)
# BRI : batch * 1024, &MERLEAE CTA
grid = (out.shape[0], 1024, 1)
self.kernel(
out, k_data, k_scale, seq_lens, gather_lens, block_table, offset,
).launch(grid=grid, block=(self.tb_size, 1, 1), stream=stream)

vlim/v1/attention/ops/deepseek_v4_ops/cuteds|_utils.py
i PTX RTERBES, HE2/ CuteDSL REFEFEA,

@dsl_user_op
def fp8x4_to_bfléx4(x: Uint32, *, loc=None, ip=None) -> cute.TensorSSA:
# FP8x4 -> BF16x4 ¥, PTX B12: s FP16 B3 BF16
# RAEHRA fp8->fp16 84
out = Illvm.inline_asm(
llvm.StructType.get_literal([T.i32()] * 2),
[x.ir_value(loc=loc, ip=ip)],
"An\t'
‘.reg .b16 x0, x1;\n\t'
‘.reg .b16 t00, t01, t10, t11;\n\t'
'mov.b32 {x0, x1}, $2;\n\t'
‘evt.rn.f16x2.e4m3x2 $0, x0;\n\t'
‘evt.rn.f16x2.e4m3x2 $1, x1;\n\t'
'mov.b32 {t00, t01}, $0;\n\t'



'mov.b32 {t10, t11}, $1;\n\t'
‘cvt.rn.bf16.f16 t00, t00;\n\t'
‘evt.rn.bf16.f16 t01, t01;\n\t'
‘evt.rn.bf16.f16 t10, t10;\n\t'
‘evt.rn.bf16.f16 t11, t11;\n\t’'
'mov.b32 $0, {t00, t01};\n\t'
'mov.b32 $1, {t10, t11};\n\t'
'Nn',

‘=r,=r,r',
has_side_effects=False,
is_align_stack=False,

vlim/v1/attention/ops/deepseek_v4_ops/cache_utils.py
WA CuteDSL JRA 28, RIBIFIEFANZLIN, RE Triton EEREEAZ,

def dequantize_and_gather_k_cache(
out: torch.Tensor,
k_cache: torch.Tensor,
seq_lens: torch.Tensor,
gather_lens: torch.Tensor | None,
block_table: torch.Tensor,
block_size: int,
offset: int,
) -> None:
# R CuteDSL "TH, AL MERENZ
if has_cutedsl():
# RGN, BRMAIFTF CUDA IREPAT 4R 1L KK
from .dequant_gather_k_cutedsl import dequantize_and_gather_k_cache_cutedsl|
dequantize_and_gather_k_cache_cutedsl(
out, k_cache, seqg_lens, gather_lens, block_table, block_size, offset

)

return
# E3RE| Triton 523 (GEZIHZEEM)
dequantize_and_gather_k_cache_triton(

out, k_cache, seq_lens, gather_lens, block_table, block_size, offset

)
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1. B2 A M gemini-code-assist LB AIEHEAZMER T Hopper (SMA0+) & PTX
184, EDURI compute capability #8%&, fE# B 'This won't run on pre-hopper', {8
FEREFRME NIRRT, BRIERRALFRIRE cuteds| ERETH, REZERE GPU 2
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2. MREE: £IP#E zyongye EXRMETNIR, FHEREENRT SHMANR (BESEX
), R,

3. CI pre-commit: mergify HLE AIRTR pre-commit & LMK, (EZRBEBRMBEHIER,



- Hopper ¥J& PTX #8289 MIRAE M (correctness): fEEHIARRTE pre-hopper LiBAT,
BRERLFRIMIEE, KB cuteds| BB EME R AR,

« BOMNRE R (testing): EEMERMT _dequantize_and_gather_k_cache_reference %
EIMASHANR, BERMZ R,

« Pre-commit 8 & XK (other): /EERERPUTHERMBE,
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1. B FREMNEE: FAAZER cvt.rn.f16x2.e4m3x2 & Hopper £& PTX, &
SM80/90 IXF GPU tafi & dE5%$E 451k, HAMEAR has_cuteds!() K2 E B A
CuteDSL, 18 cuteds| EEZEJE Hopper SR RENR L E, FBERITHR AR, ZTOEM
B NEMRE XA,

2. Core Logic ZTENXPFE: dequantize_and_gather_k_cache & prefill X8E&2, &
CuteDSL WA REZMER (0 offset &bFE, gather_lens AZ) "aEHH S IRE R,
BENETIRBEEZE IR, ERRFANKEHETRRRE,

3. WM IKEL cuteds| E (& quack wiFLEEE) , ELHARBNIETS AR)ER
Triton, fTAZEREFEREN / STREMHS. - Fm: AFPM: & Hopper GPU Ltiz
1T DSv4 1823 prefill B, K ZFLBREERA 1.5-2 %, EEREME token R, HAty
WA ) BMAZEW, RHEM: FBY 480 /TR RES (CuteDSL + TER&REK) , 4
140 TR BRI FES L CuteDSL AR A, TRA BRITEERBEZTRA,
RIAM: B T CuteDSL #E vLLM $R5E S ERENZILER, ABLEM Triton T3
CuteDSL #5454,

« MFEFRIT: Hopper T , A REMASERRL |, prefill XBERATE

RERIREE

« PR #40392 [Performance] [DSR1]: Fused RoPE+KVCache+qg_concat for MLA: B A
DeepSeek AR MERERAN, FREERNZE IF pass, R T FERMAIEIZERIZ A4
&,



