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PATHRE

« —A3E: A Kimi-K3 0 AttnRes # &% (CUDA + Triton)
- EME: Z PR (EMS/KEIL, LHEE CUDA RAZE warp-specialized &t (
producer-consumer F4THER,) UK Triton WAZB online softmax S, X FFEER
(NVIDIA + AMD) MZEMRITHAEMELER N, BWESNERPRMN stride 1 EHEJ&
EZMRA =,

Th RES EAL

PR B BB Issue #50000, EEH Kimi-K3 AT AttnRes #E/ER = MERESZHL,
AttnRes BRI b kB E T, ©2 residual #FE. RMSNorm fa softmax FEATE. K
% NVIDIA SM100 (Blackwell) #=EtREkMERE, FH A H AL NVIDIA GPU (B Triton
fallback) A1 AMD GPU (&3¥ Triton) R HABEMN, [FEEZEN Buildkite CI #fRM
RIFLLIBAT,

SCEL AR

1. RE E4| CUDA C++ W# (csrc/libtorch_stable/kimi_k3/attn_res_kernel.cu) : &X
NVIDIA SM100 (Blackwell) %it, X H warp-specialized 2244, & 1 A producer
warp $4T cp.async.bulk fnEkfa 8 A consumer warps it& online softmax + residual
+ RMSNorm, 3% Q=res_weight*rms_weight Bi& it EFANEZTERE TR, VITEEX
pass Bt FP32 HEHFE TMEM 1,

2. 3 Python 4fZ (vlim/_custom_ops.py. csrc/libtorch_stable/ops.h.
csrc/libtorch_stable/torch_bindings.cpp) : ¥ vllm/_custom_ops.py F 3
kimi_k3_attn_res &%k, 2 EHIHKEI AR C++ ¥ B, EL XA YT X4+ & B fojE
MR R LR, 2 VLLM_ENABLE_KIMI_K3_ATTN_RES ZE##l,

3. 523, Triton fallback A8 AMD W#% (vlim/models/kimi_k3/nvidia/ops/attn_res.py.
vllm/models/kimi_k3/amd/ops/attn_res.py) : NVIDIA B&42 424t Triton LI
_attn_res_kernel, YEA3E SM100 8 fallback; #EEE
get_attn_res_triton_warmup_profiles REHFEARAZIMBRERH, AMD BRIZRMH T IR 89
Triton WA, 1#H online softmax 2, attention it+&,

4. e gEmfngE N (viim/models/kimi_k3/nvidia/__init__.py.
vilm/models/kimi_k3/nvidia/ops/__init__.py. vllm/models/kimi_k3/amd/__init__.py) : 4l
BRENEBLE, EERTRA



5. FmmiRfn CI (tests/models/kimi_k3/test_attn_res.py.
tests/models/kimi_k3/test_amd_attn_res.py. .buildkite/test_areas/models_basic.yaml)
- NVIDIA SMRME A S92, (_reference, T4 PyTorch) Xttt Triton fo CUDA AWA%
BimE, BETR, BAIR. full attention E3F&; AMD MERLEIE Triton SZILIERME,
Buildkite CI BLE #TIGHER EAMIRES U S K3 Mk,

R

. tests/models/kimi_k3/test_attn_res.py (3R STEAKRE; HH| test; LR
test-coverage; 5 _randn_with_row_padding, _reference, test_attn_res,
test_attn_res_block_counts) : EMRXHF, BESELIAEZE Triton/CUDA ZHizE
HASHMNER, ZIIEERENES,

« vlim/models/kimi_k3/nvidia/ops/attn_res.py (&3 R EE; X3 infra; LR
infrastructure; 5 get_attn_res_triton_warmup_profiles, _attn_res_kernel, attn_res)
: NVIDIA &8 AttnRes Triton SZIA B, & Triton kernel Am@E &, £ fallback
FFAEIAZ S,

« tests/models/kimi_k3/test_amd_attn_res.py (#k AMD MiR; 5| test; KR
test-coverage; 45 _randn_with_row_padding, _reference,
test_amd_attn_res_matches_reference) : AMD F&MIRAXE, FIE Triton SZILIEHME
, BELZASE,

« vlim/models/kimi_k3/amd/ops/attn_res.py (#k AMD #1E; 2£5| infra; £#H
infrastructure; &5 _attn_res_kernel, attn_res) : AMD F&# AttnRes Triton 5231,
=t AMD GPU EWE F X 3%,

+ vlim/_custom_ops.py (#£3k E-F48E; K5 source; £ core-logic; 5
kimi_k3_attn_res) : Python #RE A0, H3E kimi_k3_attn_res REEEE C++ ¥ &,

« csrc/libtorch_stable/kimi_k3/attn_res_kernel.cu (13 CUDA WA%; 25| other; £&
dependency-wiring) : NVIDIA SM100 %J& AttnRes &M CUDA W%,
warp-specialized &it,

« csrc/libtorch_stable/ops.h (#3k S 504F; K% source; 2R core-logic) : kX FEHH
kimi_k3_attn_res %R A, & VLLM_ENABLE_KIMI_K3_ATTN_RES Z#%4l,

« csrc/libtorch_stable/torch_bindings.cpp (#23& 4FE M, 37 source; A core-logic)
: C++ torch #fE, JEM kimi_k3_attn_res A torch custom op,

« vlim/models/kimi_k3/amd/__init__.py ({&3k mLEH; 3| source; LR data-contract) :
AMD F8&AEML, £ viim.models.kimi_k3.amd =& X\,

« vlim/models/kimi_k3/nvidia/__init__.py ({E3k ®4H; 3| source; EA data-contract)
: NVIDIA F81, £ viim.models.kimi_k3.nvidia TS A,

« vlilm/models/kimi_k3/nvidia/ops/__init__.py (&R ®LEH; 5| infra; LR
infrastructure) : ops FEBML, FH attn_res R#K,

« .buildkite/test_areas/models_basic.yam| (R CI BE2&; 2£5| config; EH
configuration) : Buildkite CI B2 &, #3% Kimi-K3 MRES

KPS kimi_k3_attn_res, attn_res, _attn_res_kernel,
get_attn_res_triton_warmup_profiles



RERED R B

tests/models/kimi_k3/test_attn_res.py
EMRM, BESELNAE ZTriton/CUDAZ MRS EHMNR, ERIFERMNES,

# SPDX-License-Identifier: Apache-2.0
# SPDX-FileCopyrightText: Copyright contributors to the vLLM project

import pytest
import torch
import torch.nn.functional as F

from viim.models.kimi_k3.nvidia.ops import attn_res
from vlim.platforms import current_platform

HIDDEN_SIZE = 7168
MAX_BLOCKS = 8
EPS = 1e-5

def _randn_with_row_padding(*shape, padding=0):
"4 R ARA optional THEANMAKE, WEMIEESEFMED R, "
storage = torch.randn(*shapel:-1], shape[-1] + padding,
device="cuda", dtype=torch.bfloat16)
return storagel..., :shapel-1]]

def _reference(prefix, delta, blocks, norm_weight, gk_weight,
output_norm_weight, num_blocks):
"an PyTorch £ 523,: & delta FEN prefix += delta,
HH4E blocks Bl num_blocks %|%n prefix, f# RMSNorm,
RE QK &M -> softmax -> mAxkFe, TiE#mHE RMSNorm, "
if delta is not None:
prefix = prefix + delta
values = torch.cat((blocks|:, :num_blocks], prefix.unsqueeze(1)), dim=1)
keys = F.rms_norm(values, (HIDDEN_SIZE,), norm_weight, EPS)
probs = (keys @ gk_weight).softmax(dim=-1)
output = torch.matmul(probs.unsqueeze(1), values).squeeze(1)
if output_norm_weight is not None:
output = F.rms_norm(output, (HIDDEN_SIZE,), output_norm_weight, EPS)
return output, prefix

@pytest.mark.parametrize(
("num_tokens", "num_blocks", "row_padding",
"write_block", "has_delta", "backend"),

[
pytest.param(1, 0, 0, True, False, "triton", id="triton-empty"),
pytest.param(1, 0, 0, True, True, "triton", id="triton-empty-add"),



pytest.param(17, 5, 7, True, False, "triton", id="triton-write"),
pytest.param(17, 5, 7, True, True, "triton", id="triton-write-add"),
pytest.param(3, 8, 0, False, False, "triton", id="triton-full"),
pytest.param(3, 8, 0, False, True, "triton", id="triton-full-add"),
pytest.param(320, 1, 0, False, True, "nvidia", id="nvidia-1"),
pytest.param(320, 4, 0, False, True, "nvidia", id="nvidia-4"),
pytest.param(320, 8, 0, False, True, "nvidia", id="nvidia-8"),

)

def test_attn_res(num_tokens, num_blocks, row_padding,
write_block, has_delta, backend):
if backend == "nvidia" and not current_platform.is_device_capability_family(100):
pytest.skip("NVIDIA AttnRes requires the SM100 family")

prefix = _randn_with_row_padding(num_tokens, HIDDEN_SIZE, padding=row_padding)
delta = (_randn_with_row_padding(num_tokens, HIDDEN_SIZE, padding=row_padding)

if has_delta else None)
blocks = _randn_with_row_padding(num_tokens, MAX_BLOCKS, HIDDEN_SIZE, padding=row_
padding)
norm_weight = 1 + 0.1 * torch.randn(HIDDEN_SIZE, device="cuda", dtype=torch.bfloat16)
gk_weight = torch.randn(HIDDEN_SIZE, device="cuda", dtype=torch.bfloat16) / HIDDEN_
SIZE**0.5
output_norm_weight = 1 + 0.1 * torch.randn(HIDDEN_SIZE, device="cuda", dtype=torch.
bfloat16)
original_blocks = blocks.clone()

expected, expected_prefix = _reference(
prefix.clone(), delta, blocks, norm_weight, gk_weight,
output_norm_weight, num_blocks,

)

block_write_idx = num_blocks if write_block else -1

actual = attn_res(
prefix, delta, blocks, norm_weight, gk_weight, output_norm_weight,
num_blocks, block_write_idx, EPS, EPS,

torch.testing.assert_close(actual, expected, atol=8e-2, rtol=3e-2)
torch.testing.assert_close(prefix, expected_prefix, atol=0, rtol=0)
if write_block:

original_blocks[:, block_write_idx].copy_(expected_prefix)
torch.testing.assert_close(blocks, original_blocks, atol=0, rtol=0)
assert actual.is_contiguous()

vlim/models/kimi_k3/nvidia/ops/attn_res.py

NVIDIA F &) AttnRes Triton SZELA O, HA Triton kernel #0ifE3Z 4, = fallback fol
HEIRZ S

# SPDX-License-Identifier: Apache-2.0



# SPDX-FileCopyrightText: Copyright contributors to the vLLM project

# SPDX-FileCopyrightText: Songlin Yang, Yu Zhang, Zhiyuan Li

#

# This file contains code adapted from the flash-linear-attention project.

import torch

from vlim import _custom_ops as ops

from vlim.platforms import current_platform
from vlim.triton_utils import tl, triton

def get_attn_res_triton_warmup_profiles(max_blocks):
" AT kernel_warmup BY/NLE profiles,
we4 softmax 2 block-write 5, """
profiles = [(num_blocks, False, -1, True) for num_blocks in range(2, max_blocks + 1)]
profiles.extend((bw, True, bw, True) for bw in range(2, max_blocks))
profiles.append((max_blocks, True, -1, False))
return tuple(profiles)

@triton.jit

def _attn_res_kernel(
prefix_ptr, delta_ptr, blocks_ptr, norm_weight_ptr, gk_weight_ptr,
output_norm_weight_ptr, output_ptr,
stride_prefix_m, stride_delta_m, stride_block_m, stride_block_r, stride_output_m,
num_blocks: tl.constexpr, hidden_size: tl.constexpr,
block_write_idx: tl.constexpr, eps: tl.constexpr, output_norm_eps: tl.constexpr,
HAS_DELTA: tl.constexpr, WRITE_BLOCK: tl.constexpr,
APPLY_OUTPUT_NORM: tl.constexpr,
BLOCK_L: tl.constexpr, BLOCK_D: tl.constexpr, launch_pdl: tl.constexpr,

row_idx = tl.program_id(0).to(tl.int64)
d_offsets = tl.max_contiguous(tl.arange(0, BLOCK_D), BLOCK_D)
d_mask = d_offsets < hidden_size

# hn#k prefix, & HAS_DELTA N &0 delta 5 E prefix
updated_prefix = tl.load(prefix_ptr + row_idx * stride_prefix_m + d_offsets,
mask=d_mask, other=0.0).to(tl.float32)
if HAS_DELTA:
delta = tl.load(delta_ptr + row_idx * stride_delta_m + d_offsets,
mask=d_mask, other=0.0).to(tl.float32)
updated_prefix += delta
updated_prefix = updated_prefix.to(tl.bfloat16).to(tl.float32)
tl.store(prefix_ptr + row_idx * stride_prefix_m + d_offsets,
updated_prefix, mask=d_mask)
if WRITE_BLOCK:
# B EFHEH prefix EAFEER block L E
tl.store(blocks_ptr + row_idx * stride_block_m +
block_write_idx * stride_block_r + d_offsets,
updated_prefix, mask=d_mask)
# % num_blocks==0 B, softmax B ANESE, BEEEHE prefix



if num_blocks ==
mixed = updated_prefix

else:
# ... online softmax f&¥ % (HEE)
pass

# " H RMSNorm

if APPLY_OUTPUT_NORM:
# ...
pass

csrc/libtorch_stable/kimi_k3/attn_res_kernel.cu
NVIDIA SM100 ¥ /& AttnRes =&k CUDA WA, warp-specialized & it,

/*

* Production AttnRes forward for Blackwell (SM100).

* Warp-specialized online softmax + residual + RMSNorm:

* -1 producer warp issues cp.async.bulk row loads into shared memory.
* - 8 consumer warps compute reductions and output.

* - Q = res_weight * rms_weight remains in registers across persistent tokens.

* -V rows are converted once and cached as FP32 in TMEM between passes.

* Integration contract: Kimi K3 H=7168, 1<=num_blocks<=8, token-major block residual
storage.

*/

#include "../torch_utils.h"
#include <cfloat>

#include <cstdint>
#include <cuda_runtime.h>
#include <type_traits>

using bf16_t = __ nv_bfloat16;

namespace sm100 {
namespace fwd_prod_v2 {

constexpr int K_TILE = 1024;

constexpr int N_CHUNK_DEFAULT = 4;

constexpr int CHUNK_DEPTH = 2;

constexpr int BLK = 288; // 1 producer + 8 consumer warps

constexpr int CONSUMER_THREADS = BLK - 32; // 256

constexpr int CONSUMER_WARPS = CONSUMER_THREADS / 32;

constexpr int CONSUMER_GROUPS = 2;

constexpr int CONSUMER_THREADS_PER_GROUP = CONSUMER_THREADS / CONSUMER_
GROUPS;

constexpr int FIRST_USER_NAMED_BARRIER = §;

__device___ forceinline__ const bf16_t* residual_addr(
const bf16_t* block_res, const bf16_t* layer_res, int source, int N,
int token, int block_stride_m, int block_stride_r, int H) {



if (source < N - 1) {
return block_res + static_cast<long long>(token) * block_stride_m +
source * block_stride_r;

}

return layer_res + static_cast<long long>(token) * H;

}

// ... mbarrier helper functions omitted for brevity
} // namespace fwd_prod_v2
} // namespace sm100

Wb KA
ZitieE B Issue i (namgyu-youn 3£18, gau-nernst EIR) , ¥ & SM100 NAZRE SR
AT B BRIR BRI BB, 1T HE AR E A H BARAIEA layer_res/delta/output #7418
, EREETRE—NEEN stride A 1, KIEE stride(0) == hidden_size, TREFEK
padded input BRHEERER, FEARAXAMERIR, FREMN STD_TORCH_CHECK Ani2EHE,
BURILEEHE PR, EEBHMREMESE, I, reviewer zyongye #tE T % PR,

« SM100 WA RILITHIRBBIRAEBENREE (correctness): FEREEERE, BEAEYA]
PR w# deferred, itXI7&E #50000 &8 MBEE,

R 5 B

« XS

- FTHEBBRZENKE (csrc/libtorch_stable/kimi_k3/attn_res_kernel.cu) : CUDA WARE
MANMTHYRETRBEADN, BIHMAKEXMEIELIE padding B, WE K3 EREEH
7 padded 84T, R SARIEMH, BRERMERCE, THEIKERE IR, BEEM
STD_TORCH_CHECK,

« FERENFE: NVIDIA SM100 WA XGER T Blackwell 284), ERZFHNEELEKXRE
Triton fallback. Triton fallback EYMERERT REFR M0 E B NAL, E#IA fallback 2 FIZW
A,

MREBEE: MIRBET ZMHB R, BERESHELFIEN (/) hidden_size. 3E
7168 [aE) o AMD MRS EMERLF, 1BED block_write 35,

« CI 3% : Buildkite CI B2 EFE TS 2k CI BHE3% 40, {EX2FHEANK,

- AP Kimi-K3 R A SRS E AN AttnRes 2 RERAZ, RAEERE,
SM100 AP R R AN, Hi NVIDIA GPU f2 AMD GPU F 33T Triton 3X/E3hA

X Ho
« RAREYM: FA 1.7k REG, @I CUDA Fn Triton W%, CI BLE X ERINIAE =,
FRERAE M,

- BIBARmE: % PR A Kimi-K3 A X oy —3 o (KRB #50000) , EEKERIIERE
MIEREF, TERFLELPFBEERE bug (W0 stride BIR)
« RFEFRIT: 1T 1RMRIE , R stride #2& |, 1X Blackwell £J& , Triton MEEEEIZR



K ERRKZS
« PR #50131 [Bugfix] Add missing viim/models/kimi_k3/__init__.py: El& Kimi-K3 #&& %
A%, &N PRAMT AZANER, M #50131 M58 T SRE B RADEL S,



