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cuMemcpyBatchAsync £ CPU—GPU (onload) A X 4-24 KiB B/ NREAFFE N EHE
{X A 6-7 GB/s, AKX TF PCle Gen5 #y ~55 GB/s LR, BMERARTIENLMMEREH—F T
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1. B]3& swap_blocks_triton.py: ZEX Triton JIT W4 swap_blocks_kernel, VAR 8% &%k
swap_blocks_batch, ZBEERKOCEMREZE: S]MEAIVNF MIN_N (16) BHERE]
C++ DMA; BNIK#ARFIKEFEEEE R GPU FERsIAZ. RERA SM fE3f (
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2. 182 gpu_worker.py: ¥ select swap blocks fn &i$k, TEAIREWAEARIES M (
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CPU—GPU E# B &R, 3T functools.partial 48E bytes per chunk 3k3FiR =
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3. ZFEHR: 15K Transfer dataclass, #3E batch_src. batch_dst. batch_sizes =ANE
ENFKE, B _new_descriptor_buffers S EHEA, BREREROEIFTET,

4. METTMER: B3 test swap _blocks_triton.py, ER LM 8 FHXFTAN (BFEHRA
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5. F&5FIL: 7 gpu_worker.py & AN HAS_TRITON #a triton, 7
_select_swap_blocks_fn ###& HAS TRITON, B{FET Triton 3% (0 ROCm IBAR)
E:3R DMA,
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« vlim/v1/kv_offload/cpu/swap_blocks_triton.py (1R Z#A#Z; KB source; LR
core-logic; &5 _swap_blocks_kernel, swap_blocks_batch) : #o#r Xk, &4
Triton AZfo &R R, ZEMHERIMHERER,

» vlim/v1/kv_offload/cpu/gpu_worker.py (HE3% EiEkiEHEEE; £K5| source; FEH core-logic
. &5 _select_swap_blocks_fn, _new_descriptor_buffers) : &% Triton B2 8% M5
K, BaFERKmEPEHE,

. tests/v1/kv_offload/cpu/test_swap_blocks_triton.py (3 XMk ; £ F| test; LR
test-coverage; {45 _addrs, test_triton_swap_copies_source_bytes) : ¥ & 7ok 3o
IE Triton RAZIEHME,

XS _swap_blocks_kernel, swap_blocks_batch, _select_swap_blocks_fn,
_nhew_descriptor_buffers
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vliim/v1/kv_offload/cpu/swap_blocks_triton.py
B FT XXM, B8 Triton REARERE, EMHAERMBEARER,

# SPDX-License-Identifier: Apache-2.0
# SPDX-FileCopyrightText: Copyright contributors to the vLLM project
"""Triton kernel + tuned constants for the ~“swap_blocks_batch™" fast path."""

from __future__ import annotations
import torch

from vllm import _custom_ops as ops
from viim.triton_utils import tl, triton

# Constants tuned empirically on H100 (PCle Gen5):

# NUM_SMS - &/N89 SM £, 7 8-32 KB SRk A/NTRE B IE(ER T 5% HUR
# THRESHOLD_BYTES - Triton £ DMA Mg KERHRTF R, AL bEN C++
cuMemcpyBatchAsync B ik

# MIN_N - REEFER Triton KETFFHAIB/NLESG KT UER DMA B
NUM_SMS = 12

THRESHOLD_BYTES = 28 * 1024

MIN_N = 16

@triton.jit
def _swap_blocks_kernel(
src_addrs,
dst_addrs,
sizes,
n_jobs,
BYTES_PER_CHUNK: tl.constexpr,

""Triton WA%: ¥ CPU sm¥iEikmRk fF iR 9 L UK N B GPU 3,



FNMERAIE—A job (BR—NERTF) , 2/MERFEN while /BFAH£ZE T,
XTFEA job, # CHUNK RLEZRSIEN, IR TFHIERL,
pid = tl.program_id(0)
num_progs = tl.num_programs(0)
WORDS_PER_CHUNK: tl.constexpr = BYTES_PER_CHUNK // 8
offsets = tl.arange(0, WORDS_PER_CHUNK)
job = pid
while job < n_jobs:
src = tl.load(src_addrs + job).to(tl.pointer_type(tl.int64))
dst = tl.load(dst_addrs + job).to(tl.pointer_type(tl.int64))
words = tl.load(sizes + job) // 8
for start in range(0, words, WORDS_PER_CHUNK):
idx = start + offsets
mask = idx < words
data = tl.load(src + idx, mask=mask, other=0)
tl.store(dst + idx, data, mask=mask)
job += num_progs

def swap_blocks_batch(
src_addrs: torch.Tensor,
dst_addrs: torch.Tensor,
sizes: torch.Tensor,
is_src_access_order_any: bool = False,
bytes_per_chunk: int,
) -> None:
""Triton SZH, ~“swap_blocks_batch™>, B F/NE CPU->GPU #E# 11,

EER/INVNF MIN_ N, M EZEERD| C++ 8 cuMemcpyBatchAsync #4%2,
TN, Ftafn K/ NKER S EHIF| GPU, R/EB3N Triton WA,
ERMESRERN ~bytes_per_chunk™™ 3RK/N,
n = src_addrs.numel()
if n < MIN_N:
ops.swap_blocks_batch(
src_addrs,
dst_addrs,
sizes,
is_src_access_order_any=is_src_access_order_any,
)
return
_swap_blocks_kernel[(min(NUM_SMS, n),)](
src_addrs.to("cuda", non_blocking=True),
dst_addrs.to("cuda", non_blocking=True),
sizes.to("cuda", non_blocking=True),
n,
BYTES_PER_CHUNK=bytes_per_chunk,



)
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Etelis #3i¥ new_descriptor_buffers €/ pin_memory &£,
« BMR: orozery EXRHEITIMR, Etelis %40 test_swap_blocks_triton.py.
« SM T4 BUE: ivanium % Triton Ak E A SM B3Ot E R, Etelis 124 E2E $/IEE
BH sm12 ABXT sm20 Thgefik, BRHEEE,
s R EFER (design): BRI XMHHE, WA Python BEARIFER—NXHHF,
« FEFAEMA Triton 571 (design): # _select_swap_blocks_fn H##& HAS _TRITON, R~
WERERR C++ DMA,
s REBRZUXZEFRS N (performance): FEEENGEEY, & transfer T E A, ik
F3 H2D ¥,
« BOMNRE R (testing): RMETTMIR, FEIE Triton kernel # N ER5RFEH —HK.
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- FEFREME: Triton AHZEIE CUDA F& (I ROCm) TEERAAMIR, (Bl
HAS_TRITON [E3&Fr gpu_to_cpu 7 FELIRFEAR T X, B{ER SM $ZREETF H100
PCle Gen5 fith, HAth GPU TREIERML, ETZLEIR DMA,
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- BUMEREZAL: NUM_SMS, THRESHOLD_BYTES. MIN_N ZF4EZ@E4RAME, EEEN
HlHRATS B,

- AP : KV offloading AP RGEZFHREERA (GEREULERS 105-154%) , LHEHR
FREK. ERKEENIERR,

« A% BT Triton REDERAR, BRMOE MRS E X E kK (F Triton) , ERFS
C++ DMA BIFRZE:R,

« HFA: AAKEK offloading connector MR LR ML T MEAEMESE; JE NVIDIA FETREEE
EFNRAERE, EBAIERRIITHEEER,
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