OP B A& X715

OpEAAMHE: BALREE

_copy_from

Function 0
F4#0 1fused_add_rms_norm

contiguous, tBELZEFRF src tensor FRIRNAEFHMGIE NI F] dst, 1RIE dst IKERTEERFFNS
BE&M. NFN, HES N TERERERRIMIHETEESN, WRE contiguous Y

— PyTorch 3k& T £ contiguous 9, HENHELIE (stride) jHENTRME:
HFEMERE iR, i@ stride(s) HE:

n—1

stride(z) = H size(j)

=i+l
Hep:
o nERKENEEL,
o size(j) RKBIESE j MEERIA/N (shape) .
o stride() RRKBELE | LEVBTEZENRES K.

RTRAXNEWRETREAFPRITNEIRFHT ., MRFTHRBLRY, KEMBIFEEZHN,

EOREBAFBEMRIE src 5 dst tensor By shape —3

AR

1

2

3

4

5

6

7 void fn(dev, const void* dst, const void* self, int dims, const int64_tx

sizes, const int64_tx const* strides, const int64_t element_size)


https://siorigin.feishu.cn/wiki/IlQhwZ0wci5R1Wk9mLFcTBicnWe#share-KZpzd5j3noPZl5xJWzcc3DKJnLe
https://siorigin.feishu.cn/wiki/IlQhwZ0wci5R1Wk9mLFcTBicnWe#share-KZpzd5j3noPZl5xJWzcc3DKJnLe

10 void fnv2(dev, const voidx dst, const voidx self, const int64_t self_ndims,
const int64_tx self_sizes, const int64_t* dst_strides, const int64_tx
self_strides, const int64_t element_size)

—EEf5F
AGER
1 // case 1
2 // python
3 b = torch.randn(4, 3).long().cuda()
4 b =b.t()
5 ¢ = b.contiguous()
6 // kernel
7  copy_kernel_cuda: dst_device: cuda:0, src_device: cuda:0
8 copy_kernel_cuda: dst_sizes: [3, 4], src_sizes: [3, 4]
9 copy_kernel_cuda: dst_strides: [4, 1], src_strides: [1, 3]

10 copy_kernel_cuda: -iter_shape: [4, 3]

11  copy_kernel_cuda: -iter_dst_strides: [8, 32], diter_src_strides: [24, 8]

12

13 // case 2

14 // python

15 a = torch.randn(3).long().cuda()

16 b = torch.randn(4, 3).long().cuda()

17 a = a.expand_as(b).contiguous()

18 // kernel

19 copy_kernel_cuda: dst_device: cuda:0, src_device: cuda:0

20  copy_kernel_cuda: dst_sizes: [4, 3], src_sizes: [4, 3]

21 copy_kernel_cuda: dst_strides: [3, 1], src_strides: [0, 1]

22 copy_kernel_cuda: -iter_shape: [3, 4]

23  copy_kernel_cuda: iter_dst_strides: [8, 24], iter_src_strides: [8, 0]

24

25 // case3

26 // python

27 a = torch.randn(4, 3, 2).long().cuda()

28 b = torch.randn(1, 3, 1).long().cuda()

29 a.copy_(b)

30 // kernel

31 copy_kernel_cuda: dst_device: cuda:0, src_device: cuda:0

32 copy_kernel_cuda: dst_sizes: [4, 3, 2], src_sizes: [1, 3, 1]

33 copy_kernel_cuda: dst_strides: [6, 2, 1], src_strides: [3, 1, 1]

34  copy_kernel_cuda: iter_shape: [2, 3, 4]

35 copy_kernel_cuda: iter_dst_strides: [8, 16, 48], iter_src_strides: [0, 8, 0]

36

37 // case4

38 // python



39 = torch.randn(4, 3, 2).long().cuda()
40 b = torch.randn(3, 1).long().cuda()

41 a.copy_(b)

42

43 copy_kernel_cuda: dst_device: cuda:0, src_device: cuda:0

44 copy_kernel_cuda: dst_sizes: [4, 3, 2], src_sizes: [3, 1]

45  copy_kernel_cuda: dst_strides: [6, 2, 1], src_strides: [1, 1]

46  copy_kernel_cuda: 1iter_shape: [2, 3, 4]

47 copy_kernel_cuda: iter_dst_strides: [8, 16, 48], iter_src_strides: [0, 8, 0]

torch PRV AR
aten/src/ATen/native/Copy.cpp copy_impl-> copy_stub -> aten/src/ATen/native/cuda/Copy.cu

copy_kernel_cuda -> aten/src/ATen/native/cuda/Copy.cu copy_device_to_device ->
aten/src/ATen/native/cuda/Copy.cu direct_copy_kernel_cuda ->
torch/include/ATen/native/cuda/Loops.cuh gpu_kernel ->
torch/include/ATen/native/cuda/CUDALoops.cuh gpu_kernel_impl ->
torch/include/ATen/native/cuda/CUDALoops.cuh gpu_kernel_impl_nocast

ISSUE

O dtype FIBEFR—2, FE kernel %%k, FIRMSEUFEIE X

_copy_from_and_resize, _copy_from_and_resize.out

SEER

X FCPUFallback##ISEI, @it copy_impl FBVZE—AFRIER TS, &40, BiARERN
copy_stub 1%, AILAEZE copy_fromBISEI E OP BYFF & ST

ISSUE

_softmax

_softmax.out

SEER
OP List ##%: https://siorigin.feishu.cn/record/UC8trohn4eZvxBc4JAJcGsGANn6Gb
Pytorch E/AX#4S8ZE . https://pytorch.org/docs/stable/generated/torch.nn.Softmax.html

Function 0

(AN ERS

1


https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Ew1pdU1i1ojBDdxX32Ycuvq1ncd
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Ew1pdU1i1ojBDdxX32Ycuvq1ncd
https://siorigin.feishu.cn/record/UC8trohn4eZvxBc4JAJcGsGAn6b
https://pytorch.org/docs/stable/generated/torch.nn.Softmax.html

2 void fn(dev, outx, inputx, bool half_to_float, 1int64_t outer_size, dim_size,

inner_size)

void fn(dev,const voidx out,const voidx self, bool half_to_float, int64_t

outer_size, dim_size, inner_size)

o Hrhdim_size @ dim SEFRTEHER size, outer size BFFE4EE/NTF dim SEMIFRAELEE X
I\
fFanxtF shape A[A, B, C, D, E]8Y Tensor £ C £Ef# Softmax, = view F{[A*B, C, D*E],
XIZAY stride A[C*D*E, D*E, 1], outer_size=A*B, inner_size=D*E, dim_size=C

e half_to_float {ZREEEIE HALF B9 input 5B FLOAT (RILAARSZ#5 BFLOAT16)
e Accumulate By Dtype &% [EOP Summary

ISSUE
() Dtype #¥
Howa
O float16
O bfloatl6 BRIER/DITRIAIIES
() mxformat
O 3F contiguous MEEHEER R (MNRZFFEELL Function £0)
O Memory 2&EE Align, Align EI%0
O BRIEZEHHEIE dim_size padding F 256 FI{ZEK
O FEMK
O EHEEZFERERE L softmax

a. REARZNERAZIZBE TEREIE, BRE—FTHAEZIFER inner #EM softmax,
[FRSZE TE D .

b. EZFZMERAEEXLIMERLE softmax, HalBMEEAREE RV LF A index load/store 3K
% gather, F&51+tBNTEEBREERELEFBR, A tile core BNREEAZ tile AY index
load/store HIEE XK, &/IEE 32B, MXMIEMBEKREZIBITEFR index load/store, [
softmax


https://siorigin.feishu.cn/docx/HByUdG0oMo06hWxpuzAcuCshncc?ccm_open=iframe&docComponentConfig=%7B%22extensions%22%3A%7B%22suiteNavBar%22%3A%7B%22disable%22%3Afalse%2C%22docComponentHeader%22%3A%7B%22moreMenu%22%3A%7B%22enable%22%3Atrue%7D%7D%7D%2C%22comment%22%3A%7B%22partial%22%3A%7B%22disable%22%3Afalse%7D%2C%22global%22%3A%7B%22disable%22%3Afalse%7D%7D%2C%22like%22%3A%7B%22disable%22%3Afalse%7D%2C%22theme%22%3A%7B%22type%22%3A%22light%22%7D%7D%2C%22protected%22%3A%7B%22waterMark%22%3A%7B%22enable%22%3Afalse%7D%7D%2C%22url%22%3A%7B%22ccmOpen%22%3A%7B%22enable%22%3Atrue%7D%7D%7D&parent_tea_session_id=TlKiuE798cHFPJ8h4Oa2&shwm=true#share-RRwjdgr9yoQGA1x3HZkcuedGn3c
https://siorigin.feishu.cn/docx/HByUdG0oMo06hWxpuzAcuCshncc?ccm_open=iframe&docComponentConfig=%7B%22extensions%22%3A%7B%22suiteNavBar%22%3A%7B%22disable%22%3Afalse%2C%22docComponentHeader%22%3A%7B%22moreMenu%22%3A%7B%22enable%22%3Atrue%7D%7D%7D%2C%22comment%22%3A%7B%22partial%22%3A%7B%22disable%22%3Afalse%7D%2C%22global%22%3A%7B%22disable%22%3Afalse%7D%7D%2C%22like%22%3A%7B%22disable%22%3Afalse%7D%2C%22theme%22%3A%7B%22type%22%3A%22light%22%7D%7D%2C%22protected%22%3A%7B%22waterMark%22%3A%7B%22enable%22%3Afalse%7D%7D%2C%22url%22%3A%7B%22ccmOpen%22%3A%7B%22enable%22%3Atrue%7D%7D%7D&parent_tea_session_id=TlKiuE798cHFPJ8h4Oa2&shwm=true#share-RRwjdgr9yoQGA1x3HZkcuedGn3c
https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink
https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink
https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink

log_softmax.int,log_softmax.Dimname,_log_softmax

OoP
Pytorch EANXIEEE:

https://pytorch.org/docs/stable/generated/torch.nn.LogSoftmax.html#torch.nn.LogSoftmax

1 flowchart TD

2 F["tensor.softmax(dim is int)"] -->
3 G["tensor.softmax(dim is name)"] --!
4 A --> B["at::native::log_softmax(in
5 C --> D["at::native::log_softmax(Dii
6 D —-> A

7 B -—> E["_log_softmax"]

8

9

_log_softmax

mathematically equivalent to log(softmax(x))

S2EiER

=R

tensor.softmax(dim is
name)

log_softmax.Dimname(dim
Zname)

©)

tensor.softmax(dim is int)

at::native::log_softmax(Dimname
Overloading)

S

_

log_softmax.int(dim&int)

at:native::log_softmax(int

Overloading)

_log_softmax

OP List §8#%: https://siorigin.feishu.cn/record/GXmArsJOSeXZepcWqO3clgQXnah

Pytorch EAXIEEE !

https://pytorch.org/docs/stable/generated/torch.nn.LogSoftmax.html#torch.nn.LogSoftmax

Function 0

(AR S

1 void fn(dev, outx, inputx, bool half_to_float,

inner_size)
//(updated)

void fn(dev, const void* out,const void* self,

outer_size, dim_size, inner_size)

int64_t outer_size, dim_size,

bool half_to_float, 1int64_t

4 /) BAdim_sizeBdimBEFtE/ERsize, outer sizeEfTEEE/\FdimSEAIIELLEEX

/v;


https://pytorch.org/docs/stable/generated/torch.nn.LogSoftmax.html#torch.nn.LogSoftmax
https://siorigin.feishu.cn/record/GXmArsJOSeXZepcWqO3clgQXnah
https://pytorch.org/docs/stable/generated/torch.nn.LogSoftmax.html#torch.nn.LogSoftmax

ISSUE

O Dtype X#%
O float32
() floatl6

O bfloatl6 BATHLXIRAIES

() mxformat

O 3E contiguous M2 TRESIF (MNRLHFFEMEK Function ##0)

() Memory BEEE Align, Align F|Z/b

O BEEHRHIE dim_size padding 2 256 BIfZEK

O FE2MK

O EHRREXFERYEE LM softmax

a. RHABZNREVTAE KRB TERETE, BEEF—DTHIITEFER inner HEM softmax,

REZZE TEND .

b. EZHZMERAEEXLIMERLE softmax, HalBMEAREE RV LFIA index load/store 3K
1 gather, ¥E5ITENTEEIRERRELFN, FH tile core WRER tile BY index
load/store MIEE A K, &/ MiE 32B, MXMIENEKRERRITTER index load/store, E

softmax

_local_scalar_dense

7245 scalar 3% #9 cpu scalar A, NiZEZEERA runtime API SLRTLASEIR, ©% CUDA 231

_local_scalar_dense_cuda

(GRS

1

add.Tensor

SEER

In [12]: torch.randn(l).cuda().item()
[call]l op=[aten::randn], key=[BackendSelect]
[redispatch] op=[aten::randn], key=[CPU]
[call]l op=[aten::empty.memory_format], key=[BackendSelect]
[redispatch] op=[aten::empty.memory_format], key=[CPU]
[call]l op=[aten::normal_], key=[CPU]
[call]l op=[aten::to.dtype_layout], key=[AutogradCPU]
[call]l op=[aten::_to_copy], key=[AutogradCPU]
[redispatch] op=[aten::_to_copy], key=[BackendSelect]
[redispatch] op=[aten::_to_copyl, key=[CUDA]
[call]l op=[aten::empty_strided], key=[BackendSelect]
[redispatch] op=[aten::empty_strided], key=[CUDA]
[call]l op=[aten::copy_], key=[CUDA]
[call] op=[aten::item], key=[AutogradCUDA]
[call]l op=[aten::_local_scalar_dense], key=[AutogradCUDA]
[redispatch] op=[aten::_local_scalar_dense], key=[CUDA]
Out[12]: -0.9774109721183777


https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink
https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink
https://siorigin.feishu.cn/wiki/LBoiw1MGtiHVGqk1deOcR50On7R?from=from_copylink

D gE(E TileCore LI, &

REIENZEME CompositelmplicitAutograd, {BRiNEZEEMEIT CUDA; BEFRGIHIT tag
A3 ufunc_inner_loop B9 op &I J1E gen.py A 7 AL IE:

for g in structured_native_functions:
if not g.out.ufunc_inner_loop or not is_ufunc_dispatch_key(dispatch_key):
continue
name = g.functional.func.name.name
if dispatch_key is DispatchKey.CPU:
assert fm is cpu_fm
fm.write_with_template(
f"UfuncCPU_{name}.cpp",
"UfuncCPU.cpp",
lambda: {
"meta_declaration": compute_meta_function_declaration(g),
"native_declaration": dest.compute_native_function_declaration(
g, backend_indices[dispatch_key]
),
"native_definitions": dest.compute_ufunc_cpu(g),
b,
)
cpu_vec_fm.write_with_template(
f"UfuncCPUKernel_{name}.cpp",
"UfuncCPUKernel.cpp",
lambda: {
"name": name,
"native_definitions": dest.compute_ufunc_cpu_kernel(g),
b
)
elif dispatch_key is DispatchKey.CUDA:
cuda_headers = "#include <ATen/native/cuda/Loops.cuh>"
if rocm:
cuda_headers = "#include <ATen/native/hip/Loops.cuh>"
fm.write_with_template(
f"UfuncCUDA_{name}.cu",
"UfuncCUDA.cu",
lambda: {
"name": name,
"cuda_headers": cuda_headers,
"meta_declaration": compute_meta_function_declaration(g),
"native_declaration": dest.compute_native_function_declaration(
g, backend_indices[dispatch_key]
),
"native_definitions": dest.conpute_ufunc_cudi(g),
},
)
else:
raise AssertionError(f"unrecognized {dispatch_key} for ufunc")

OP List #$%: https://siorigin.feishu.cn/record/Hy3BrJjkVel59HcGDWycyJ7Wnfg

Pytorch EAXE%E . https://pytorch.org/docs/stable/generated/torch.add

BAXINEY Op &% THPVariable_add

Cuda SEMBZE .

o BRIBERBENMNEI, NEIER, 4AETE build/aten/src/ATen/UfuncCUDA_add.cu X1
o HIFFARIESH gpu_kernel, Z#EFEN— Scalar + —1 Tensor HEF Tensor

o Kernel E4ME self/other EfF—NA scalar IR

e gpu_kernel FEXBILKSZE neg.out R Performance

Function 0

(AN RS


https://siorigin.feishu.cn/record/Hy3BrJjkVel59HcGDWycyJ7Wnfg
https://pytorch.org/docs/stable/generated/torch.add

2
3
4
5 template<typename T>
6 void add_out(
7 const Tx self,
8 const int_t self_ndims,
9 const int64_tx self_sizes,
10 const T* other,
11 const int64_t other_ndims,
12 const int64_t*x other_sizes,
13 T alpha = 1,
14 T* out,
15 const int64_t out_ndims,
16 const int64_t* out_sizes,
17 const int64_tx element_sizes = nullptr)
ISSUE
(O Dtype x#¥%
O bfloatl6 B/ M AIIE<S
(J Mxformat

(J uint8_t, int8_t, intl6_t, 1int, int64_t, float,
clO::complex<float>, cl0::complex<double>, cl10
at::BFloatl6, cl0::complex<cl@::Half>

O 3E contiguous MIREREXHF (MIRIFFEEX Function #&0)
) Memory @EEE Align, Align EI%/L
O BREZEXH pad F tile format
O &EMK
O BRI FEE broadcast BB R, H4EHKSEM expand
() 347F outer dim broadcast EE1L

bmm,bmm.out

SEER

double,
::Half, bool,

Pytorch E/AX#458%: https://pytorch.org/docs/stable/generated/torch.bmm

B{A3I[AY Op &% . THPVariable_bmm


https://pytorch.org/docs/stable/generated/torch.bmm
https://pytorch.org/docs/stable/generated/torch.bmm

Function 0

HAETIR

1
2
3
4

// schema: bmm(Tensor self, Tensor mat2) -> Tensor

// schema: bmm.out(Tensor self, Tensor mat2, *, Tensor(a!) out) -> Tensor(a!)

// LHFEOEZ: https://docs.nvidia.com/cuda/cublas/#cublasgemmstridedbatchedex

any.all_out, any,any.dims,any.dim,any.out,any.dimname

I pytorch 3% https://pytorch.org/docs/stable/generated/torch.any.html, B{&IFRZAEY Op
2% THPVariable_any

SZLI:

https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/
src/ATen/native/ReduceOps.cpp#L1611

cuda # any 1 all 7E—HESLIRY

(ANEES
// 1.

© 0o N O U b W N

N NN NNNRRBRRRRB R B B B
O D W N R WOVWOow-NO uhMWNRO

{

BEFEE - 2EHE

// any - EETTENTruellliR[E]True
auto input = torch::tensor ({1, 0, 1});

auto result = torch::any(input); // tensor(True)

// all - FFETE N Trued R [E]True
input = torch::tensor ({1, 1, 1});
result = torch::all(input); // tensor(True)

/) 2. IEELEEHLY

{

// 2x3 tensor
auto input = torch::tensor ({{1, 0, 1},
{0, 1, 11}

// any TEEE0_LAZY
auto result = torch::any(input, ©0); // [1, 1, 1]

// all TELE/E1_F#1Z9
result = torch::all(input, 1); // [0, 0]

// 3. IRIFEE (keepdim=true)


https://pytorch.org/docs/stable/generated/torch.any.html
https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/src/ATen/native/ReduceOps.cpp#L1611
https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/src/ATen/native/ReduceOps.cpp#L1611

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

auto input = torch::tensor({{1, 0, 1},
{0, 1, 1}});

// any {FEE0_ LML, RIFHEE
auto result = torch::any(input, 0, true); // [[1, 1, 1]]

// all TELE[E1 F#HZY, (RIFEE
result = torch::all(input, 1, true); // [[0], [0]]

// 4. uint8EZILIE

{

auto input = torch::tensor ({1, 0, 1}, torch::kUInt8);

// Xtuint8EE, Wt R{Fuint8
auto result = torch::any(input); // tensor(l, dtype=uint8)
result = torch::all(input); // tensor(0, dtype=uint8)

// 5. @&Hout&#K

{

auto input = torch::tensor ({1, 0, 1});
auto out = torch::empty({}, torch::kBool);

// any with out
torch::any_out(out, input);

// all with out
torch::all_out(out, input);

// 6. ZHEHLI

{

// 2x3x2 tensor
auto input = torch::ones({2, 3, 2});
std::vector<inte4_t> dims = {0, 2};

/) TELEEORI2_E#IZY
auto result = torch::any(input, dims); // [1, 1, 1]
result = torch::all(input, dims); // [1, 1, 1]

/) 7. TKELE

{

auto input = torch::tensor({});



73

74 auto result

75
76

77 result = torch::all(input);

78 }

any.all_out,any

CUDA £Z 3 any_all_out

AR

1

any.dim,any.out
CUDA £E I any_out

AR

1

torch::any(input);

tensor([[ 0.6800, -1.9964, 0.2954],
[-1.5758, -0.9457, 1.0380],
[-1.4764, ©.5204, -0.0701]], device='cuda:0')

In [22]: a.anyQ)
[call]l op=[aten::any], key=[AutogradCUDA]
[redispatch] op=[aten::any], key=[CUDA]
[call] op=[aten::as_strided], key=[CUDA]
Out[32]: [calll] op=[aten::reshape], key=[AutogradCUDA]
[call]l op=[aten::view], key=[AutogradCUDA]
[redispatch] op=[aten::view], key=[ADInplaceOrView]
[redispatch] op=[aten::view], key=[CUDA]
[call] op=[aten::unbind.int], key=[AutogradCUDA]
[redispatch] op=[aten::unbind.int], key=[ADInplaceOrView]
[redispatch] op=[aten::unbind.int], key=[CUDA]
[call] op=[aten::select.int], key=[CUDA]
[call] op=[aten::as_strided], key=[CUDA]
[call]l op=[aten::item], key=[AutogradCUDA]
[call] op=[aten::_local_scalar_dense], key=[AutogradCUDA]
[redispatch] op=[aten::_local_scalar_dense], key=[CUDA]
[call] op=[aten::item], key=[AutogradCUDA]
[call]l op=[aten::_local_scalar_dense], key=[AutogradCUDA]
[redispatch] op=[aten::_local_scalar_dense], key=[CUDA]
tensor(True, device='cuda:0')

In [45]: a.shape
Out[45]: torch.Size([2, 3, 41)

In [Le]: a.any(dim=0)
[call] op=[aten::any.dim], key=[AutogradCUDA]
[redispatch] op=[aten::any.dim], key=[CUDA]
[call] op=[aten::as_strided], key=[CUDA]

tensor([[True, True, True, True],
[True, True, True, True],
[True, True, True, Truel]], device='cuda:0')

all.dimname, all.dimname_out, all.dims, all.dims_out,

B 73X

https://pytorch.org/docs/stable/generated/torch.all.html

AR


https://pytorch.org/docs/stable/generated/torch.all.html

1 //all.dimname_out(Tensor self, Dimname dim, bool keepdim=False, *, Tensor(a!)

out) -> Tensor(a!)

2 //all.dimname(Tensor self, Dimname dim, bool keepdim=False) -> Tensor

//all.dims (Tensor self, int[]? dim=None, bool keepdim=False) -> Tensor

4  //all.dims_out(Tensor self, int[]? dim=None, bool keepdim=False, *, Tensor(a!)

out) -> Tensor(a!)

all.dim, al

AR

l.out

1 //all.dims(Tensor self, int[]? dim=None, bool keepdim=False) -> Tensor

2 /J/all.dims_out(Tensor self, int[]? dim=None, bool keepdim=False, *, Tensor(a!)

out) -> Tensor(a!)

Function &0

RIGIR

1 Vi z:

2 * @brief Compute logical any/all reduction over dimensions of input tensor
3 *

4 * @param dev Device handle for CUDA device management

5 * @param out Output tensor (pre-allocated, bool or uint8)

6 * @param self Input tensor

7 * @param dims Dimensions to reduce over (optional)

8 * @param keepdim Whether the output tensor has dim retained or not
9 * @param dtype Data type of input tensor

10 * @param is_all If true compute logical AND, else compute logical OR
11 *

12 * @note Output Type:

13 * - For uint8 input: output is uint8

14 * - For all other inputs: output is bool

15 *

16 * @note Dimension Rules:

17 * - If dim is empty, reduce over all dimensions

18 * - Multiple dims are allowed

19 * - Negative dims are wrapped
20 *
21 * @note Examples:
22 * any: [1,1,0] -> true
23 * any: [0,0,0] -> false
24 * all: [1,1,0] -> false
25 * all: [1,1,1] -> true



26

27

28

29 void any_all_fn(

30 SiDeviceHandle dev,
31 void *out,

32 const void *self,
33 const int64_t*x dims,
34 bool keepdim,

35 ScalarType dtype,
36 bool 7s_all

37 )3

bitwise_and.Tensor,bitwise_and.Tensor_out,bitwise_and_.Tensor,bitwise_
and.Scalar_out,bitwise_and.Scalar,bitwise_and.Scalar_Tensor,bitwise_an
d.Scalar_Tensor_out,bitwise_and_.Scalar

SEER

SEEEA RVV £

Pytorch EAX#4S2E . https://pytorch.org/docs/stable/generated/torch.bitwise_and.html
B3I AI Op &% . THPVariable_bitwise_and_, THPVariable_bitwise_and

S2#F broadcastable B4 tensor i+

3FTF int 22849 tensor, TEERNSE B HIAMIRT Rz B9+ R

ELLAMNBMLG : https://www.23bei.com/tool/56.html?

bitwise_and.Tensor,bitwise_and.Tensor_out,bitwise_and_.Tensor
CUDA SEI#225: bitwise_and_kernel_cuda

Function £
BT device Ml kernel AT BX&4RiFEE%E CUDA F3RII

In [52]: b = torch.randint(®,10,(3,2))
" a9

N Notes  OP=[aten::randint.low], Key=[BackendSelect]
(REERSS - Mg

call] op=[a

redispatc

alll o

nt.low], key=[CPU]
y_ format], key=[BackendSe1 ct]
:iempty
random_. from ] g y [cpu]

mat], key=[CPU]

1

and_ 'r or], ky[Atg adCPU]
El'L]p[t bt dT ]ky[Atg -adCPU]
[redispatchBox d] p[t bt and.Tensor], key=[CPU]


https://pytorch.org/docs/stable/generated/torch.bitwise_and.html
https://www.23bei.com/tool/56.html?

args: output+input tensors' ptr
dims: output tensor dims
sizes: output tensor sizes

10 strides: strides of nargs tensors, O means it's a
broadcasted dim

11 element_sizes: element_size of nargs tensor; if
element_sizes is nullptr, then the strides will
be in bytes, otherwise the strides will be in #
of elements.

12 x%/

13 void fn(dev, int nargs, const void* constx args,
int dims, const int64_tx sizes, const int64_t*
constx strides, const int64_tx*
element_sizes=nullptr)

14

15 // EIZERIER

16 void fnv2(dev, const voidx out, const voidx* a,
const void* b, int dims, const int64_tx sizes,
const int64_t* strides_out, const int64_tx*
strides_a, const int64_t* strides_b, const
int64_tx element_sizes=nullptr)

17 //updated

18 void fnv2(dev, const voidx out, const voidx self,
const voidx other, int out_ndims, const int64_t*
out_sizes, const int64_t* out_strides, const
int64_tx self_strides, const int64_t*
other_strides, const int64_tx*

element_sizes=nullptr)

ISSUE
() Dtype &#F
Q) float32
O float16
O bfloatl6 BRI AIFES
() mxformat
O 3E contiguous I EBEXHF

() Memory BEEE Align, Align %D

bitwise_and.Scalar_out
J@id at::native::bitwise_and_out BHiE¥ scalar #4 tensor WA, A tensor BISEI AR



» Tensor& bitwise_and_out(const Tensor& self, const Scalar& other, Tensor& result) {
return at::bitwise_and_out(result, self, wrapped_scalar_tensor(other));

}

bitwise_and.Scalar,bitwise_and.Scalar_Tensor,bitwise_and.Scalar_Tensor_out
1B1d at::native::bitwise_and B scalar #%#9 tensor (950, A tensor BYSEIRRR AR
Tensor bitwise_and(const Tensor& self, const Scalar& other) {

return at::bitwise_and(self, wrapped_scalar_tensor(other));

}

Tensor bitwise_and(const Scalar& self, const Tensor& other) {
return at::bitwise_and(wrapped_scalar_tensor(self), other);

}
bitwise_and_.Scalar
i@ at::native::bitwise_and_BEIG R EE B tensor.bitwise_and_—> tensor 8975 {52

Tensor& bitwise_and_(Tensor& self, const Scalar& other) {
return self.bitwise_and_(wrapped_scalar_tensor(other));

}

bitwise_not,bitwise_not_,bitwise_not.out

SEZERER

REEEM RVV I
https://pytorch.org/docs/stable/generated/torch.bitwise_not
B3I AJ Op &% THPVariable_bitwise_not

FF int M tensor, TEENERIE ZHEIANIXTMAH#HEIE, 1 tensor FAIER B IRIZEERS
/XY RZAY 8bit/16bit/32bit/64bit it5&, Ia0%F a=tensor ([ 1, 65536]) , ~a=tensor ([
-2, -65537])

ELLAMNBMLE : https://www.23bei.com/tool/56.html?

Function 3£
BT device 1 kernel AJUABX & 4RiFREE CUDA L3RI

tensor([[8, 51,
REBR fe, €1
In [91]: (b, ~b)

1 [call] op=[aten::bitwise_not], key=[AutogradCPU]
[redispatchBoxed] op=[aten::bitwise_not], key=[CPU]


https://pytorch.org/docs/stable/generated/torch.bitwise_not
https://www.23bei.com/tool/56.html?

2 // schema: bitwise_not_(Tensor(a!) self) -> (tensor([[S, 5]'
Tensor(a!) [4' 8],

3 // schema: bitwise_not.out(Tensor self, x*, [6, 6]:]),
Tensor(a!) out) -> Tensor(a!) tensor([[—9, _6];

. [_Sl _9]:

5 Ak [-7, -711))

6 out: output tensor

7 a: input tensor

8 dims: output tensor dims

9 sizes: output tensor sizes

10 strides: strides of output tensor

11 element_sizes: element_size of nargs
tensor; if element_sizes is nullptr, then
the strides will be in bytes, otherwise the
strides will be in # of elements.

12 **/

13 void fn(dev, const void* out, const voidx*
a, int dims, const int64_t* sizes, const
int64_tx strides, const int64_tx
element_sizes=nullptr)

14 //updated

15 void fn(dev, const void* out, const voidx
self, int out_ndims, const int64_tx
out_sizes, const int64_t* out_strides,

const int64_tx element_sizes=nullptr)

ISSUE
O Dtype &#F
O float32
() floatl6
O bfloat16 BRI/ AIIES
O mxformat
(O 3E contiguous IR EBEZIF (MNRZIFFEIELL Function #£0)

) Memory @& HE Align, Align 2%/
bitwise_or.Tensor,bitwise_or_.Tensor,bitwise_or.Tensor_out
BEZER

DREER RVV £

https://pytorch.org/docs/stable/generated/torch.bitwise_or
¥ broadcastable B9 tensor it&


https://pytorch.org/docs/stable/generated/torch.bitwise_or

BE{AXI A Op &% THPVariable_bitwise_orq

(GRS

1

// schema: bitwise_or.Tensor (Tensor self,

Tensor other) -> Tensor

2 // schema: bitwise_or_.Tensor (Tensor(a!)
self, Tensor other) -> Tensor(a!)

3 // schema: bitwise_or.Tensor_out(Tensor
self, Tensor other, *, Tensor(al!) out) ->
Tensor(a!)

Function &0

BT device 1 kernel AJUUBX & 4RiFREE CUDA L3RI

RIGIR

1 // schema: bitwise_and.Tensor (Tensor self, Tensor
other) -> Tensor

2 // schema: bitwise_and_.Tensor (Tensor(a!) self,
Tensor other) -> Tensor(a!)

3 // schema: bitwise_and.Tensor_out(Tensor self,
Tensor other, *, Tensor(a!) out) -> Tensor(a!)

4

5 JAK

6 nargs: num of output+input tensors

7 args: output+input tensors' ptr

8 dims: output tensor dims

9 sizes: output tensor sizes

10 strides: strides of nargs tensors, O means it's a
broadcasted dim

11 element_sizes: element_size of nargs tensor; if
element_sizes is nullptr, then the strides will
be in bytes, otherwise the strides will be in #
of elements.

12 *%k/

13 void fn(dev, int nargs, const void* constx args,
int dims, const int64_tx sizes, const int64_t*
constx strides, const int64_tx*
element_sizes=nullptr)

14

15 // EI#ERIFER

16 void fnv2(dev, const voidx out, const voidx a,

const void* b, int dims, const int64_tx sizes,
const int64_tx strides_out, const int64_t*

In [149]: (c, d, c | d)
[call]l op=[aten::__or__.Tensor], key=[AutogradCPU]
[call] op=[aten::bitwise_or.Tensor], key=[AutogradCPU]
[redispatchBoxed] op=[aten::bitwise_or.Tensor], key=[CPU]

Lmeea vp beseneesevsee_nsgag ne weemevge s va
(tensor([ 1, 65536]), tensor([ 22, 65536]), tensor([ 23, 65536]))

In [52]: b = torch.randint(0,10,(3,2))
Notes ©oP=[aten::randint.low], key=[BackendSelect]
..... spatch] op=[aten::randint.low], key=[CPU]
[calll op=[aten: :empty.memory_format], key=[BackendSelect]
[redispatch] op=[aten::empty.memory_format], key=[CPU]
[call] op=[aten::random_.from], key=[CPU]

In [54]: b &b

[call] op=[aten::__and__.Tensor], key=[AutogradCPU]
[calll op=[aten::bitwise_and.Tensor], key=[AutogradCPU]
[redispatchBoxed] op=[aten::bitwise_and.Tensor], key=[CPU]



strides_a, const int64_t* strides_b, const

int64_tx element_sizes=nullptr)

17
18 void fnv2(dev, const voidx out, const voidx self,
const void* other, int out_ndims, const int64_tx
out_sizes, const int64_t*x out_strides, const
int64_tx self_strides, const int64_tx
other_strides, const int64_tx*
element_sizes=nullptr)
ISSUE
() Dtype 3%
O float32
O float16

O bfloatl6 B/ AIIES
(J mxformat
O HE contiguous B T RES#F

(J Memory @G EZE Align, Align F%/b

eq.Tensor,eq.Tensor_out,eq_.Tensor
SEZiER

SHefEA RVV 321
https://pytorch.org/docs/stable/generated/torch.eq

%4 broadcastable B tensor i+ &
BAX A9 Op &% THPVariable_eq

(PR

1

Function 0

In [165]: (c, d, c==d)
[call] op=[aten::eq.Tensor], key=[AutogradCPU]
[redispatch] op=[aten::eq.Tensor], key=[CPU]

(tensor([[ 1, 65536],

[ 2, 311D,
tensor([ 22, 65536]),
tensor([[False, True],

[False, Falsell))

EiNTE device # kernel AJUIBX & 4RiFREE CUDA X3RRI


https://pytorch.org/docs/stable/generated/torch.eq

(GRS

1 // schema: bitwise_and.Tensor (Tensor self, Tensor
other) -> Tensor

2 // schema: bitwise_and_.Tensor(Tensor(a!) self,
Tensor other) -> Tensor(a!l)

3 // schema: bitwise_and.Tensor_out(Tensor self,
Tensor other, *, Tensor(a!) out) -> Tensor(a!)

4

5 Jx*

6 nargs: num of output+input tensors

7 args: output+input tensors' ptr

8 dims: output tensor dims

9 sizes: output tensor sizes

10 strides: strides of nargs tensors, 0 means it's a
broadcasted dim

11 element_sizes: element_size of nargs tensor; if
element_sizes is nullptr, then the strides will
be in bytes, otherwise the strides will be in #
of elements.

12 A4/

13 void fn(dev, int nargs, const void* constx args,
int dims, const int64_tx sizes, const int64_tx*
constx strides, const int64_tx*
element_sizes=nullptr)

14

15 // BEAEDL

16 void fnv2(dev, const voidx out, const voidx a,
const voidx b, int dims, const int64_t*x sizes,
const int64_t* strides_out, const int64_tx*
strides_a, const int64_tx strides_b, const
int64_tx element_sizes=nullptr)

17 // updated

18 void fnv2(dev, const voidx out, const voidx self,
const void* other, 1int out_ndim, const int64_tx
out_sizes, const int64_t* out_strides, const
int64_tx self_strides, const int64_tx
other_strides, const int64_tx*
element_sizes=nullptr)

B MRASF & 5 BA

(1) #HHIZIFL, EEXFREE. int32_t, bfloatl6, float32

(2) MARRFELFRAN2scalarfViENR

(3) BFEEMIREI, XFTFint6e4_tRE, MIESIFHIEHIT64-325%#

In [523]: b = torch.randint(0,10,(3,2))

op=[aten::randint.low], key=[BackendSelect

AAAAA spatch] op=[aten: :randint.low], key=[CPU

[calll op=[aten::empty.memory_format], key=[BackendSelect]
[redispatch] op=[aten::empty.memory_format], key=[CPU]
[call] op=[aten::random_.from], key=[CPU

In [54]: b &b

[calll op=[aten::__and__.Tensor], key=[AutogradCPul
[calll op=[aten::bitwise_and.Tensor], key=[AutogradCPU]
[redispatchBoxed] op=[aten::bitwise_and.Tensor], key=[CPU]



WEkEOIERR

AR

1 /// @brief Computes element-wise equality

2 /// @tparam T Datatype support [int32_t, sifmt:float32, sifmt::bfloatl6]

3 /// @param[in] d_in@O Input tensor O with shape [dimO_size, diml_size]

4 /// @param[in] d_inl Input tensor 1 with shape [dimO_size, diml_size] OR scalar

5 /// @param[out] d_out Output tensor with shape [dimO_size, diml_size]

6 /// @param[in] dim@_size Tensor shape param 0O

7 /// @param[in] diml_size Tensor shape param 1

8 /// @param[in] is_d_inl_scalar Indicates tensor 1 is scalar OR tensor

9 /// @param[in] op_type Indicates OP is EQUAL(0) OR NOT EQUAL (1)

10 template <typename T>

11  void eq(void *d_in®, void *d_inl, void *d_out, int dim@_size, int diml_size,

bool 1is_d_inl_scalar = true, int op_type = 0);

ISSUE
(O Dtype 3%

) float32

() floatl6

O bfloatl6 BRI AIFES
O mxformat
(J 3E contiguous WEEREZHF (MNRZFFEMELL Function $#0)

O Memory @EHE Align, Align %D
ge.Scalar,ge.Scalar_out,ge_.Scalar,ge.Tensor,ge.Tensor_out,ge_.Tensor

SEZERER

SEEfEM RVV 2|
https://pytorch.org/docs/stable/generated/torch.ge
S2#F broadcastable B4 tensor i+ 8&

B{A3I[ZAY Op &% THPVariable_ge

ge.Scalar,ge.Scalar_out,ge_.Scalar In [1741: (¢, € > 2)

[call] op=[aten::gt.Scalar], key=[AutogradCPU]
[redispatch] op=[aten::gt.Scalar], key=[CPU]

(ARERS (tensor(L[ 1, 65536],
[ 2, 311D,
1 // schema: ge.Scalar(Tensor self, Scalar tensor([[False, True],

other) -> Tensor [False, Truell))


https://pytorch.org/docs/stable/generated/torch.ge

// schema: ge.Scalar_out(Tensor self,
Scalar other, *, Tensor(a!) out) ->
Tensor(a!l)

// schema: ge_.Scalar(Tensor(a!) self,

Scalar other) -> Tensor(a!)

ge.Tensor,ge.Tensor_out,ge_.Tensor

HEDIR

1

// schema: ge_.Tensor(Tensor(a!) self,
Tensor other) -> Tensor(a!l)

In [179]: (e, d, c>d)
[call] op=[aten::gt.Tensor], key=[AutogradCUDA]

(tensor([[ 1, 65536],

2, 311, device='cuda:0'),
tensor([ 22, 65536], device='cuda:0'),
tensor([[False, Falsel],

[False, Falsel], device='cuda:0'))

2 // schema: ge.Tensor_out(Tensor self,
Tensor other, *, Tensor(a!) out) ->
Tensor(a!)

3 // schema: ge.Tensor (Tensor self, Tensor
other) -> Tensor

Function &0

BiYTE device M kernel AIMBX&4RiFEE % CUDA i3RI

RBGIR
1 // schema: bitwise_and.Tensor(Tensor self, Tensor

other) -> Tensor

2 // schema: bitwise_and_.Tensor(Tensor(a!) self,
Tensor other) -> Tensor(a!)

3 // schema: bitwise_and.Tensor_out(Tensor self,
Tensor other, *, Tensor(a!) out) -> Tensor(a!)

4

5 JAKk

6 nargs: num of output+input tensors

7 args: output+input tensors' ptr

8 dims: output tensor dims

9 sizes: output tensor sizes

10 strides: strides of nargs tensors, 0 means it's a
broadcasted dim

11 element_sizes: element_size of nargs tensor; if
element_sizes is nullptr, then the strides will
be in bytes, otherwise the strides will be in #
of elements.

12 *%/

13 void fn(dev, int nargs, const void* const* args,

int dims, const int64_tx sizes, const int64_tx

In [52]: b = torch.randint(0,10,(3,2))

op=[aten: :randint.low], key=[BackendSelect]

lllll spatch] op=[aten::randint.low], key=[CPU]

[calll op=[aten: :empty.memory_format], key=[BackendSelect]
[redispatch] op=[aten::empty.memory_format], key=[CPU]
[call] op=[aten::random_.from], key=[CPU]

In [54]: b & D

[call] op=[aten::__and__.Tensor], key=[AutogradCPU]
[call] op=[aten::bitwise_and.Tensor], key=[AutogradCPU]
[redispatchBoxed] op=[aten::bitwise_and.Tensor], key=[CPU]



constx strides, const int64_tx*
element_sizes=nullptr)

14

15 // AJZERIEDR

16 void fnv2(dev, const voidx out, const void* a,
const void* b, int dims, const int64_tx sizes,
const int64_t* strides_out, const int64_tx*
strides_a, const int64_t* strides_b, const
int64_tx element_sizes=nullptr)

17 // updated

18 void fnv2(dev, const voidx out, const voidx self,
const voidx other, int out_ndims, const int64_t*
out_sizes, const int64_t* out_strides, const
int64_tx self_strides, const int64_t*
other_strides, const int64_tx*

element_sizes=nullptr)

ISSUE
() Dtype &#%
) float32
O float16
O bfloatl6 BRI AITES
() mxformat
O 3E contiguous W2 EBEXHF

) Memory @& HEE Align, Align F%/
mul.Tensor, mul_.Tensor, mul.out

SEZER
Pytorch EAX4E%E . https://pytorch.org/docs/stable/generated/torch.mul.html
cuda EMSE:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryMulKernel
.CU

o HIEZEARHEHFH gpu_kernel, Z#FEAN— Scalar + —1> Tensor HE Tensor
o Kernel E4E self/other Ef—N A scalar BI1ER
o gpu_kernel FHEXHIMHEZE neg.out FBY Performance

Function 0


https://pytorch.org/docs/stable/generated/torch.mul.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryMulKernel.cu
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryMulKernel.cu

gt/ schema: mul.out(Tensor self, Tensor other, *, Tensor(a!) out) -> Tensor(a!)

2 // schema: mul.Tensor(Tensor self, Tensor other) -> Tensor
3 // schema: mul_.Tensor(Tensor(a!) self, Tensor other) —-> Tensor(a!)
4
5 template<typename T>
6 void mul_out(
7 const Tx self,
8 const int64_t self_ndims,
9 const int64_tx self_sizes,
10 const Tx other,
11 const int64_t other_ndims,
12 const int64_t* other_sizes,
13 T* out,
14 const int64_t out_ndims,
15 const int64_t*x out_sizes,
16 const int64_tx element_sizes = nullptr)
ISSUE
(O Dtype ¥

(J uint8_t, int8_t, intl6_t, 1int, int64_t, float, double,
clO::complex<float>, cl0::complex<double>, cl0::Half, bool,
at::BFloatl6, cl0::complex<cl@::Half>

gather,gather.out

SEZER

OP List §8#%: https://siorigin.feishu.cn/record/L6XorIxSxe01g8c8DdFcgnUtnbd

Pytorch EAXIEE%E . https://pytorch.org/docs/stable/generated/torch.gather.html
Output tensor B9 shape # index Y tensor shape —%

KUBE:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKe
rnel.cu#L219

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKe
rnel.cu#L117

Function 0

(AN RS

1 // schema: gather.out(Tensor self, int dim, Tensor index, *, bool

sparse_grad=False, Tensor(a!) out) -> Tensor(a!)


https://siorigin.feishu.cn/record/L6XorIxSxeO1g8c8DdFcqnUtnbd
https://pytorch.org/docs/stable/generated/torch.gather.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L219
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L219
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L117
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L117

2 // schema: gather (Tensor self, int dim, Tensor index, *, bool
sparse_grad=False) -> Tensor
3
Jx*
5 * @brief Performs a gather operation on the input tensor ‘self’ using indices
from the ‘index' tensor, and stores the result in the output tensor ‘out'.
*
* @param dev Device on which the operation is performed.
* @param out Pointer to the output tensor, which is modified in
place.
9 * @param dims Common number of dimensions shared by ‘out’', ‘self’,
and “index .

10 * @param out_sizes Sizes of each dimension for both the output tensor
and the index tensor.

11 * @param out_strides Strides of each dimension of the output tensor.

12 * @param self Pointer to the input tensor.

13 * @param self_sizes Sizes of each dimension of the input tensor.

14 * @param self_strides Strides of each dimension of the input tensor.

15 * @param dim Dimension along which elements are gathered from
‘self’.

16 * @param Tndex Pointer to the index tensor, which is a multi-
dimensional tensor containing indices.

17 * @param index_stride Strides of each dimension of the index tensor.

18 * @param element_sizes  Optional pointer to the element sizes of each tensor
(if nullptr, strides are in bytes).

19 x/

20 void fn(dev, void* out, int dims, const int64_t* out_sizes, const int64_tx
out_strides, const void* self, const int64_tx self_sizes, const int64_t*
self_strides, int64_t dim, const voidx index, const int64_t* index_stride,
const int64_tx element_sizes=nullptr)

21 //updated

22 void fn(dev, void* out, int ndims, const int64_t*x out_sizes, const int64_tx
out_strides, const void* self, const int64_tx self_sizes, const int64_t*
self_strides, int64_t dim, const void* index, const int64_t* index_strides,
const int64_tx element_sizes=nullptr)

— B F
RGIR
1 # &ZFpytorchX#https://pytorch.org/docs/stable/generated/torch.gather.html, X

a b~ W N

Eindex=torch. tensor([[0, 0], [1, 0]]), shapeX[2,2], FrLlijs 77
# 0,0, 0,1, 1,0, 1,1

t = torch.tensor([[1, 2], [3, 4]])

torch.gather(t, 1, torch.tensor([[0, 0], [1, 0]]))



O© 00 N O

10

11

12t = torch.arange(8).reshape(2,2,2)

13  torch.gather(t, 1, torch.tensor([[[1,1]1],[[0,1]1]1]1))
14

15

16

17

18

BT hR A %1588
(1) ZFFRANRH2D tensorfVEHEIfloat322KE, indexNRVEIERE Aint64,
(2) dimBiAR-1, AI5%#0/1,

(3) EEEEEinput_dim0,input_diml,index_dimo0,index_dim1, output#E 5indext8[E,
TEEREM,

REkEIEAR

(AN RS

1 template <typename T>

2 void gather(void *d_in, void *d_index, void *d_out, int dim=-1,

3 int in_dim@, int din_diml,
4 int index_dim@, int

index_diml);

ISSUE
O Dtype X&#%

o AT_DISPATCH_ALL_TYPES_AND_COMPLEX: uint8_t, int8_t, intl6_t, int,
int64_t, float, double, cl0::complex<float>, cl0::complex<double>

o ¢l0::Half, bool, at::BFloatl6

o MXFormat?

index_select

SEER
OP List §8#%: https://siorigin.feishu.cn/record/XkXcrPomge6yO0cma8XclHYjnlf


https://siorigin.feishu.cn/record/XkXcrPomqe6yO0cma8XclHYjnlf

Pytorch EAXIEEE . https://pytorch.org/docs/stable/generated/torch.index_select.html
LIMEE:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L13
50

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L12
40

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L12

83
example
AT ER
1 >>> x = torch.randn(3, 4)
2 >>> X
3 tensor([[ 1.1880, 0.2477, -1.3225, 1.4690],
4 [ 2.2300, -0.1451, -0.1112, -0.5504],
5 [ 0.1272, -0.8875, 0.2266, -0.3423]])
6 >>> dindices = torch.tensor ([0, 2])
7  >>> resl = torch.index_select(x, 0, indices)
8 >>> resl
9 tensor([[ 1.1880, 0.2477, -1.3225, 1.4690],
10 [ 0.1272, -0.8875, 0.2266, -0.3423]])
11 >>> res2 = torch.index_select(x, 1, indices)
12 >>> res2
13  tensor([[ 1.1880, -1.3225],
14 [ 2.2300, -0.1112],
15 [ 0.1272, 0.2266]])
Function %0
AGER
1 // schema: index_select(Tensor self, int dim, Tensor index) -> Tensor
2
3 Jx*
4 * @brief Performs an index_select operation on the input tensor ‘self’ using
the provided ‘index’ tensor, and stores the result in the output tensor ‘out’.
5 *
6 * @param dev Device on which the operation is performed.
7 * @param out Pointer to the output tensor.
8 * @param dims Number of dimensions in the input/output tensor.
9 * @param out_sizes Sizes of each dimension of the output tensor.

10 * @param out_strides Strides of each dimension of the output tensor.


https://pytorch.org/docs/stable/generated/torch.index_select.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1350
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1350
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1240
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1240
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1283
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1283

11 * @param self Pointer to the input tensor.

12 * @param self_sizes Sizes of each dimension of the input tensor.

13 * @param self_strides  Strides of each dimension of the input tensor.
14 * @param dim Dimension along which index_select is performed.
15 * @param index Pointer to the one-dimensional tensor containing

indices for indexing.

16 * @param index_size Number of elements in the index tensor.
17 * @param index_stride Stride of the index tensor.
18 * @param element_sizes Optional pointer to the element sizes of each tensor

(if nullptr, strides are in bytes).

19 x/

20  void fn(dev, void* out, int dims, const int64_t* out_sizes, const int64_tx
out_strides, const void* self, const int64_tx self_sizes, const int64_t*
self_strides, int64_t dim, const void* index, const int64_t index_size, const
int64_t index_stride, const int64_t* element_sizes=nullptr)

21 //updated

22 void fn(dev, void* out, int ndims, const int64_t* out_sizes, const int64_tx
out_strides, const void* self, const int64_tx self_sizes, const int64_tx
self_strides, int64_t dim, const void* index, const int64_t index_sizes, const
int64_t index_strides, const int64_t* element_sizes=nullptr)

ISSUE
O Dtype X#%

o AT_ALL_TYPES_AND_COMPLEX: uint8_t, int8_t, 1intl6_t, 1int, int64_t,
float, double, cl0::complex<float>, cl10::complex<double>

o AT_BAREBONES_UNSIGNED_TYPES: uintl6_t, uint32_t, uint64_t
o ¢clO::complex<cl@::Half>, cl1l0::Half, bool, at::BFloatl6

o MXFormat?

silu
unary op, #EMOMIE neg, HWARiL shape —
BEASE XY

e https://pytorch.org/docs/stable/generated/torch.nn.functional.silu.html
cuda kernel &Z 3L

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ActivationSiluKe
rnel.cu#L23

exp HEFAE sfu? ZIHROLNBERMID?

(AN RS


https://pytorch.org/docs/stable/generated/torch.nn.functional.silu.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ActivationSiluKernel.cu#L23
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ActivationSiluKernel.cu#L23

1 Tensor silu(const Tensor & self); // {"schema": "aten::silu(Tensor self) ->

Tensor", "dispatch": "True", "default": "True"}

2 Tensor & silu_(Tensor & self); // {"schema": "aten::silu_(Tensor(a!) self) ->
Tensor(a!)", "dispatch": "True", "default": "True"}

3 Tensor & silu_out(const Tensor & self, Tensor & out); // {"schema":
"aten::silu.out(Tensor self, *, Tensor(a!) out) -> Tensor(a!)", "dispatch":

"True", "default": "False"}

Dtypes
e AT_FLOATING_TYPES: float, double

e AT_COMPLEX_TYPES: c10::complex<float>, cl0::complex<double>
e Half, BFloatl6: floatl6, bfloatlé

(AN RS

1 AT_DISPATCH_FLOATING_AND_COMPLEX_TYPES_AND2(
at::ScalarType: :Half,
at::ScalarType: :BFloatl6

max, max.dim, max.dim_max

unary op, ¥EOMIFE neg, HitH size 91

ERSENIE

o JEE aten:max FELIH R EFEU keep_dim / dim RrApy, RIEL4ERT max_all
e https://pytorch.org/docs/main/generated/torch.max.html

cuda kernel &Z %L1

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMaxValu
esKernel.cu#L28

e cuda SR RFE—MERM gpu_reduce_kernel, X#FZHM reduce 12F, BiNTEIEMIZO,
Hith op EHE_[ aJL_EEH:ﬁ)\

o AR[E reduce op REEIERRER ops (BIEAB reduce KER, %0 max ALLIREEL) , ident
(reduce REMIERIAE, 30 max H scalar_t BERWR/IVE)

o BAZEAOZIFENE reduce B dim UIRED keep_dim

HAETIR

1 template <typename scalar_t, typename out_scalar_t, int vt0=4, typename ops_t,
typename -ident_t=double>


https://pytorch.org/docs/main/generated/torch.max.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMaxValuesKernel.cu#L28
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMaxValuesKernel.cu#L28

2 inline void gpu_reduce_kernel(TensorIterator& iter, const ops_t& ops, ident_t

ident=0,

3 AccumulationBufferx acc_buf_ptr=nullptr, int64_t
base_idx=0)

REBR

1 Tensor max(const Tensor & self); // {"schema": "aten::max(Tensor self) ->

Tensor", "dispatch": "True", "default": "False"}

2
3
4 max.dim, max.dim_maxFi&
5 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6]])
6  >>> values = torch.empty(2, 1, dtype=torch.float32)
7  >>> dndices = torch.empty(2, 1, dtype=torch.long)
8 >>> max_values, max_indices = torch.max(x, dim=1, keepdim=True)
9 >>> max_values
10 tensor ([[3],
11 [611)
12 >>> max_indices
13  tensor([[2],
14 [211)
15
16 >>> torch.max(x, dim=1, keepdim=True, out = (max_indices, max_values))
17 torch.return_types.max_out(
18 values=tensor([[3],
19 [611),
20  indices=tensor([[2],
21 [211))
Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double

e Half, Bool, BFloatl6: floatl6, bool, bfloatlé

RIIR
el AT_DISPATCH_ALL_TYPES_AND3(
2 kBFloatl6, kHalf, kBool

maximum, maximum.out

Binary op, element-wise, F-MtensorZFt&E LR A/NFHIR[E], torch.max(intput, other)= &M
torch.maximumiz [,



BAXEEE
e https://docs.pytorch.org/docs/stable/generated/torch.maximum.html#torch.maximum

#O (EWmaximum_outBIF], maximum&t&Fmaximum_out)

(AN RS

1 Tensor maximum(const Tensor & self, const Tensor & other); // {"schema":
"aten: :maximum(Tensor self, Tensor other) -> Tensor", "dispatch": "True",
"default": "True'"}

2  Tensor & maximum_out(const Tensor & self, const Tensor & other, Tensor & out);
// {"schema": "aten::maximum.out(Tensor self, Tensor other, *, Tensor(a!) out)
-> Tensor(a!)", "dispatch": "True", "default": "False"}

Cuda kernel&ExIq

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/MaxMinElement
wiseKernel.cu#L14

NRENan{E, HiZiR[E, @idal=akFtiEENan{E,
Dtypes (REEX#Fcomplex3Eh!, Hith#Rzis)

1. Boolz£E!

2. AT_DISPATCH_INTEGRAL_TYPES FRa B8

3. AT_DISPATCH_FLOATING_TYPES_AND2 Frf5 ;% s ¥ 8y

(AN RS

1  1int32, 1int8, uint8, intl6, int64, float32, bfloatl6, half, double, bool

mean, mean.dim, mean.out

SEER

ERSENIE

e https://pytorch.org/docs/stable/generated/torch.mean.html
cuda kernel & 523

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMoment
Kernel.cu#L44

o FEIFEZEERBAM gpu_reduce_kernel S2E]
* float16 #1 bfloat16 {8 float fEH[E)ITEIEE


https://docs.pytorch.org/docs/stable/generated/torch.maximum.html#torch.maximum
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/MaxMinElementwiseKernel.cu#L14
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/MaxMinElementwiseKernel.cu#L14
https://pytorch.org/docs/stable/generated/torch.mean.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMomentKernel.cu#L44
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReduceMomentKernel.cu#L44

e dtype cast:

o castl: B& self 9 floatl6/bfloatl6 B out /1 float &R T, EMIERESE self &t out
dtype

o cast2:

= self 7 float16/bfloatl6 B, 7E reduce TP SEEP—MRIEEK static_cast A float,
out dtype BT LA float 3% float16/bfloatl6, [FEMFEE project BiEkiEN
float16/bfloatl6

» FHEOE XBYEHE out BY dtype ERIEER self BY dtype R—1#H7,

(GRS

1 Tensor mean(const Tensor & self, OptionallIntArrayRef dim, bool keepdim,
::std::optional<ScalarType> dtype); // {"schema": "aten::mean.dim(Tensor self,
int[1]? dim, bool keepdim=False, *, ScalarType? dtype=None) -> Tensor",
"dispatch": "True", "default": "True"}

2 Tensor & mean_out(const Tensor & self, OptionallIntArrayRef dim, bool keepdim,
::std::optional<ScalarType> dtype, Tensor & out); // {"schema":
"aten::mean.out(Tensor self, int[1]? dim, bool keepdim=False, x, ScalarType?
dtype=None, Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default":
"False'"}

Function &0

EOEX

o HBIRIE self #1 out BY dtype B— 1M, FLLFEZHF self U bfloat16/floatl6, out /I float BYIE
o

(RS RS

void fn(
SiDeviceHandle dev,
void *out,

const int64_t* out_sizes,

1
2
3
4
5 const int64_t* out_strides,
6 const void *self,

7 const int64_t* self_sizes,

8 const int64_tx self_strides,
9 int ndims,

10 int*x dim,

11 int dim_size,

12 bool keepdim = false

13 )3



g = torch.randn(1l, 3)

2 a
3 tensor ([[ 0.2294, -0.5481, 1.3288]])
4 torch.mean(a)
5 tensor(0.3367)
6
7 a = torch.randn(4, 4)
8 a
9 tensor([[-0.3841, 0.6320, 0.4254, -0.7384],
10 [-0.9644, 1.0131, -0.6549, -1.4279],
11 [-0.2951, -1.3350, -0.7694, 0.5600],
12 [ 1.0842, -0.9580, 0.3623, 0.2343]])
13  torch.mean(a, 1)
14 tensor ([-0.0163, -0.5085, -0.4599, 0.1807])
15  torch.mean(a, 1, True)
16  tensor([[-0.0163],
17 [-0.5085],
18 [-0.4599],
19 [ 0.1807]])
ISSUE
Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double

e Half, BFloatl6: floatl6, bfloatlé

(AWEDZ
1 AT_DISPATCH_ALL_TYPES_AND_COMPLEX
2 kHalf

3 kBFloatl6

#7] ki 35t BA
¥IESLEY: float, bfloatl6
BREIEO . SNRFE(FEMATile Core, E3Rdiml_sizet%ZiR1024B335F, pad value=0

(GRS

1 /// @brief Returns the mean value of each row of the tensor in the given
dimension.

2 /// @tparam T Datatype support [float32, bfloatl6], the dataype of input and
output should be the same, can be different in the future.

3 /// @param d_out Output tensor with shape
/// @param d_in Input tensor with shape [dimO_size, diml_size]
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/// @param dim@_size Dimension O size of input tensor

/// @param diml_size Dimension 1 size of input tensor, should be 1024B aligned
for tile core calculation, pad value 0

/// @param original_diml_size Original dimension 1 size of input tensor before
pad

/// @param dim The dimension or dimensions to reduce

template <typename T>

void mean_dim(void* d_out, void* d_in, int dim@_size, int diml_size, int
origianl_diml_size, int dim);

sub.Tensor,sub.out,sub_.Tensor
SPREZIAARE add_stub, JTFE kernel BB, K#i add.Tensor

HAETIR

TORCH_IMPL_FUNC(sub_out) (
const Tensor& self, const Tensor& other, const Scalar& alpha, const Tensor&

result

3 ) {

4 add_stub(device_type(), *this, -alpha);

5 TORCH_INTERNAL_ASSERT (result.scalar_type() == output().dtype());

6 }

RFDIR

1 // schema: sub.out(Tensor self, Tensor other, *, Scalar alpha=1, Tensor(a!)
out) -> Tensor(al)

2

3 // schema: sub.Tensor(Tensor self, Tensor other, *, Scalar alpha=1) -> Tensor

4

5 // schema: sub_.Tensor(Tensor(a!) self, Tensor other, *, Scalar alpha=1) ->

Tensor(a!)

pow_.Scalar,pow.Tensor_Scalar,pow.Tensor_Scalar_out
Pytorch X#4:

e https://pytorch.org/docs/stable/generated/torch.pow.html

o X=/ api BT exponent A scalar BB 5,

Pytorch SCIR:

e meta


https://pytorch.org/docs/stable/generated/torch.pow.html

o self 5 exponent 3349 IntegralType H exponent <0 B, SEHIZIRE
o FREX result_type, 1§ self #8279 result_type
e Impl

o https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.c

u#L146
o Xfexp#0.5, -05, -1, 2, 3, -2BEUSTHRAIE, HMERZIAR gpu_kernel + pow
functor
EOEX

o AH—TI—MEFESE pow_, Tensor, pow.Tensor_Tensor, pow.Tensor_Tensor_out Y
kernel

RGIR

1 Tensor & pow_out(const Tensor & self, const Scalar & exponent, Tensor & out);
// {"schema": "aten::pow.Tensor_Scalar_out(Tensor self, Scalar exponent, x,
Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "False"}

2  Tensor pow(const Tensor & self, const Scalar & exponent); // {"schema":
"aten: :pow.Tensor_Scalar(Tensor self, Scalar exponent) -> Tensor", "dispatch":
"True", "default": "True"}

3 Tensor & pow_(Tensor & self, const Scalar & exponent); // {"schema":
"aten: :pow_.Scalar(Tensor(a!) self, Scalar exponent) -> Tensor(a!)",
"dispatch": "True", "default": "True"}

Dtypes
e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double
e Half, BFloatl6: floatl6, bfloatlé

e isComplexType: c10::complex<cl0@::Half>, cl1l0::complex<float>,
clO::complex<double>

HEDIR

e AT_DISPATCH_ALL_TYPES_AND2 (kHalf, kBFloatl6
2 isComplexType

pow_.Tensor,pow.Tensor_Tensor,pow.Tensor_Tensor_out,pow.Scalar,pow.S
calar_out

Pytorch X#4:


https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.cu#L146
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.cu#L146

e https://pytorch.org/docs/stable/generated/torch.pow.html
e XJLZ exponent /I tensor BY1EIR
Pytorch SCIR:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.cu#L
99

o F#F self IFE exponent A cpu scalar, WERERS A cpu scalar

o T[ZE[EER pow_, Scalar BV kernel SEI45—, 21 add.Tensor & bool is_exponent_scalar,
boolis_self _scalar REBHMHAR

e Hr pow.Scalar, pow.Scalar_out SXf5 EIEAZEI powTensor_Tensor_out RYSSIR

TR

1 Tensor & pow_out(const Tensor & self, const Tensor & exponent, Tensor & out);
// {"schema": "aten::pow.Tensor_Tensor_out(Tensor self, Tensor exponent, *,
Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "False"}

2  Tensor pow(const Tensor & self, const Tensor & exponent); // {"schema":
"aten: :pow.Tensor_Tensor (Tensor self, Tensor exponent) -> Tensor", "dispatch":
"True", "default": "True"}

3 Tensor & pow_(Tensor & self, const Tensor & exponent); // {"schema":
"aten::pow_.Tensor(Tensor(a!) self, Tensor exponent) -> Tensor(a!)",
"dispatch": "True", "default": "True"}

4  Tensor & pow_out(const Scalar & self, const Tensor & exponent, Tensor & out);
// {"schema": "aten::pow.Scalar_out(Scalar self, Tensor exponent, *,
Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "False"}

5 Tensor pow(const Scalar & self, const Tensor & exponent); // {"schema":
"aten::pow.Scalar(Scalar self, Tensor exponent) -> Tensor", "dispatch":
"True", "default": "True"}

Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double
e AT_COMPLEX_TYPES: c10::complex<float>, c10::complex<double>

e kHalf, kBFloat16

(GRS

1 AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND2(
kHalf, kBFloatl6

triu,triu_triv.outtril,tril_,tril.out


https://pytorch.org/docs/stable/generated/torch.pow.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.cu#L99
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/PowKernel.cu#L99

Pytorch X#4:
e https://pytorch.org/docs/stable/generated/torch.triu.html
e https://pytorch.org/docs/stable/generated/torch.tril.html
Pytorch SCIR:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TriangularOps.c
u#L155

o triu/ tril Z£ABRE kernel, &3 bool upper xR

HAETIR

1 Tensor & triu_out(const Tensor & self, int64_t diagonal, Tensor & out); //
{"schema": "aten::triu.out(Tensor self, int diagonal=0, *, Tensor(a!) out) ->
Tensor(a!)", "dispatch": "True", "default": "False"}

2  Tensor triu(const Tensor & self, int64_t diagonal); // {"schema":
"aten::triu(Tensor self, 1int diagonal=0) -> Tensor", "dispatch": "True",
"default": "True"}

3 Tensor & triu_(Tensor & self, int64_t diagonal); // {"schema":
"aten::triu_(Tensor(a!) self, int diagonal=0) -> Tensor(a!)", "dispatch":
"True", "default": "True"}

4  Tensor & tril_out(const Tensor & self, int64_t diagonal, Tensor & out); //
{"schema": "aten::tril.out(Tensor self, int diagonal=0, *, Tensor(a!) out) ->
Tensor(a!)", "dispatch": "True", "default": "False"}

5 Tensor tril(const Tensor & self, int64_t diagonal); // {'"schema":
"aten::tril(Tensor self, int diagonal=0) -> Tensor", "dispatch": "True",
"default": "True"}

6 Tensor & tril_(Tensor & self, int64_t diagonal); // {'"schema":
"aten::tril_(Tensor(a!) self, int diagonal=0) -> Tensor(a!)", "dispatch":
"True", "default": "True"}

FE dim>=3# case

AT ER

1 >>> a = torch.randn((2, 3, 5))

2 >>> a

3  tensor([[[ 1.1182, -0.1174, 0.5041, -0.6076, -1.5491],
4 [ 0.2768, 0.1626, -0.2481, -1.2557, 1.3977],
5 [ 0.0719, 0.3547, 0.5944, -0.4056, 1.6179]],
6

7 [[ 1.1097, 0.2569, -1.0501, -0.8111, -1.1674],
8 [-0.8123, 0.5775, -2.4633, 0.4311, -0.3557],
9 [ 0.4450, -0.0715, -2.1173, 1.5523, -0.7991]11])
10  >>> torch.triu(a, -1)
11  tensor([[[ 1.1182, -0.1174, 0.5041, -0.6076, -1.5491],


https://pytorch.org/docs/stable/generated/torch.triu.html
https://pytorch.org/docs/stable/generated/torch.tril.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TriangularOps.cu#L155
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TriangularOps.cu#L155

12 [ 0.2768, 0.1626, -0.2481, -1.2557, 1.3977],

13 [ 0.0000, 0.3547, 0.5944, -0.4056, 1.6179]],

14

15 [[ 1.1097, 0.2569, -1.0501, -0.8111, -1.1674],

16 [-0.8123, 0.5775, -2.4633, 0.4311, -0.3557],

17 [ 0.0000, -0.0715, -2.1173, 1.5523, -0.7991]1]1])
Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double
e AT_COMPLEX_TYPES: c10::complex<float>, c10::complex<double>

e Half, Bool, BFloatl16, ComplexHalf: float16, bool, bfloatls,
clO::complex<cl@::Half>

(REEES
AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND4 (

at::ScalarType: :ComplexHalf,

at::ScalarType: :BFloatl6,

1
2
3 at::ScalarType: :Half,
4
5 at::ScalarType: :Bool

masked_fill_.Scalar,masked_fill.Scalar,masked_fill_.Tensor,masked_fill.Ten
sor

Pytorch 34

e https://pytorch.org/docs/stable/generated/torch.Tensor.masked_fill_.html#torch.Tensor.mas
ked_fill_

e https://pytorch.ac.cn/docs/stable/generated/torch.Tensor.masked_fill_.html
Pytorch S2I

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L15
49

e YNEK contiguous LUK aligned, torch_sipu =i@id TensorlteratorBridge 3R{RiE self #1 mask
79 contiguous H aligned B shape —%k

e value 7 Tensor A2 EHIZZ%| value B9 scalar &

o HIAA gpu_kernel 3231

(AN RS


https://pytorch.org/docs/stable/generated/torch.Tensor.masked_fill_.html#torch.Tensor.masked_fill_
https://pytorch.org/docs/stable/generated/torch.Tensor.masked_fill_.html#torch.Tensor.masked_fill_
https://pytorch.ac.cn/docs/stable/generated/torch.Tensor.masked_fill_.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1549
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/Indexing.cu#L1549

1 Tensor & masked_fill_(Tensor & self, const Tensor & mask, const Scalar &
value); // {"schema": "aten::masked_fill_.Scalar(Tensor(a!) self, Tensor mask,
Scalar value) -> Tensor(a!)", "dispatch": "True", "default": "False"}

2  Tensor masked_fill(const Tensor & self, const Tensor & mask, const Scalar &
value); // {"schema": "aten::masked_fill.Scalar(Tensor self, Tensor mask,
Scalar value) -> Tensor", "dispatch": "True", "default": "True"}

3 Tensor & masked_fill_(Tensor & self, const Tensor & mask, const Tensor &
value); // {"schema": "aten::masked_fill_.Tensor(Tensor(a!) self, Tensor mask,
Tensor value) -> Tensor(a!)'", "dispatch": "True", "default": "False"}

4  Tensor masked_fill(const Tensor & self, const Tensor & mask, const Tensor &
value); // {"schema": "aten::masked_fill.Tensor(Tensor self, Tensor mask,
Tensor value) -> Tensor", "dispatch": "True", "default": "True"}

5 Tensor & masked_fill_out(const Tensor & self, const Tensor & mask, const
Scalar & value, Tensor & out); // {"schema":

"aten: :masked_fill.Scalar_out(Tensor self, Tensor mask, Scalar value, *,
Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "True"}

6 Tensor & masked_fill_out(const Tensor & self, const Tensor & mask, const
Tensor & value, Tensor & out); // {'"schema'":

"aten: :masked_fill.Tensor_out(Tensor self, Tensor mask, Tensor value, *,

Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "True"}

Dtypes
e AT_ALL_TYPES: uint8_t, 1int8_t, intl6_t, int, int64_t, float, double
e AT_COMPLEX_TYPES: c10::complex<float>, cl0::complex<double>

e Half, Bool, BFloatl6, ComplexHalf: float16, bool, bfloatls,
clO::complex<cl@::Half>

AR
1 AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND4 (
2 kBool, kHalf, kBFloatl6, kComplexHalf

_local_scalar_dense
= kernel B, #&#i runtime api cudaMemcpyAsync, cudaStreamSynchronize
Pytorch SCI

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/CUDAScalar.cu#
L45

e https://github.com/pytorch/pytorch/blob/v2.5.0/c10/cuda/CUDAFunctions.h#L77

(GRS


https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/CUDAScalar.cu#L45
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/CUDAScalar.cu#L45
https://github.com/pytorch/pytorch/blob/v2.5.0/c10/cuda/CUDAFunctions.h#L77

1 # (B0

2  >>> x = torch.tensor([42])

3 >>> x.item()

4 [call] op=[aten::item], key=[PythonTLSSnapshot]

5 [redispatchBoxed] op=[aten::item], key=[AutogradCPU]

6 [call] op=[aten::_local_scalar_dense], key=[PythonTLSSnapshot]
7 [redispatchBoxed] op=[aten::_local_scalar_dense], key=[AutogradCPU]
8 [redispatch] op=[aten::_local_scalar_dense], key=[Python]

9 [callBoxed] op=[aten::_local_scalar_dense], key=[Python]

10 [callBoxed] op=[aten::_local_scalar_dense], key=[CPU]

11 42

C0s,Cc0S_,cos.out
Pytorch E/AX#48% . https://pytorch.org/docs/stable/generated/torch.cos.html
SELI:

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometric
CosKernel.cu

(AR

1 // schema: cos(Tensor self) -> Tensor

2 // schema: cos_(Tensor(a!) self) -> Tensor(a!)

3 // schema: cos.out(Tensor self, *, Tensor(a!) out) -> Tensor(al!)

4

5 JAK

6 * @brief Computes the cosine of each element in the input tensor ‘input’ and

stores the result in the output tensor ‘out'.
*
* @param dev Device on which the operation is performed.
* @param out Pointer to the output tensor where the cosine values
will be stored.
10 * @param input Pointer to the input tensor containing values to

compute cosine.

11 * @param dims Number of dimensions in the input/output tensor.

12 * @param sizes Sizes of each dimension of the input/output tensor.
13 * @param strides_out Strides of each dimension of the output tensor.

14 * @param strides_input Strides of each dimension of the input tensor.

15 * @param element_sizes Optional pointer to the element sizes of each tensor

(if nullptr, strides are in bytes).

16 */

17 void fn(dev, const void* out, const void* input, int dims, const int64_tx
sizes, const int64_t* strides_out, const int64_t* strides_input, const
int64_tx element_sizes=nullptr)

18 //updated


https://pytorch.org/docs/stable/generated/torch.cos.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometricCosKernel.cu
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometricCosKernel.cu

19 void fn(dev, const void* out, const voidx self, int ndims, const int64_tx*
sizes, const int64_t*x out_strides, const int64_t* self_strides, const int64_tx*
element_sizes=nullptr)

O Dtype X#%

o Floating types + complex types: float, double, at::Half, at::BFloatlé,
clO::complex<float>, cl0::complex<double>, cl0::complex<cl@::Half>

sin,sin_,sin.out
Pytorch EB X453 . https://pytorch.org/docs/stable/generated/torch.sin.html
SEI.

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometric
SinKernel.cu

Function [, Dtype Z#¥[F cos

arange.start_out, arange, arange.out, arange.start, arange.start_step

SERER

X!
https://pytorch.org/docs/stable/generated/torch.arange.html
SEZELI

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/RangeFactories.
cu#l213

RIEIR

1 BERE

2 # BIB—T BRI K E

3 out = torch.empty(5, dtype=torch.float32)
4

5 # @M arange.start_out HEH#IEHMLIKE

6 torch.arange(0, 5, out=out)

7 print(out) # tensor([6., 1., 2., 3., 4.])
8

9  # EFE—TLKE
10  torch.arange(5, 10, out=out)
11  print(out) # tensor([5., 6., 7., 8., 9.])
12
13 #EEFK
14  out = torch.empty(5, dtype=torch.float32)
15  torch.arange(0, 10, step=2, out=out)


https://pytorch.org/docs/stable/generated/torch.sin.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometricSinKernel.cu
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryGeometricSinKernel.cu
https://pytorch.org/docs/stable/generated/torch.arange.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/RangeFactories.cu#L213
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/RangeFactories.cu#L213
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print(out) # tensor([6., 2., 4., 6., 8.])

// build/aten/src/ATen/RegisterCompositeExplicitAutograd.cpp

m.impl("arange",

TORCH_FN (wrapper_CompositeExplicitAutograd__arange));
m.impl("arange.out",
TORCH_FN(wrapper_CompositeExplicitAutograd_out_arange_out));
m.impl("arange.start",

TORCH_FN (wrapper_CompositeExplicitAutograd_start_arange));
m.impl("arange.start_step",
TORCH_FN(wrapper_CompositeExplicitAutograd_start_step_arange));

namespace {
at::Tensor wrapper_CompositeExplicitAutograd__arange(const at::Scalar & end,
::std::optional<at::ScalarType> dtype, ::std::optional<at::Layout> layout,
::std::optional<at::Device> device, ::std::optional<bool> pin_memory) {
// No device check
// DeviceGuard omitted
return at::native::arange(end, dtype, layout, device, pin_memory);
}
} // anonymous namespace
namespace {
at::Tensor & wrapper_CompositeExplicitAutograd_out_arange_out(const at::Scalar
& end, at::Tensor & out) {
// No device check
// DeviceGuard omitted
return at::native::arange_out(end, out);
}
} // anonymous namespace
namespace {
at::Tensor wrapper_CompositeExplicitAutograd_start_arange(const at::Scalar &
start, const at::Scalar & end, ::std::optional<at::ScalarType> dtype,
::std::optional<at::Layout> layout, ::std::optional<at::Device> device,
::std::optional<bool> pin_memory) {
// No device check
// DeviceGuard omitted
return at::native::arange(start, end, dtype, layout, device, pin_memory);
}
} // anonymous namespace
namespace {
at::Tensor wrapper_CompositeExplicitAutograd_start_step_arange(const
at::Scalar & start, const at::Scalar & end, const at::Scalar & step,
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::std::optional<at::ScalarType> dtype, ::std::optional<at::Layout> layout,
::std::optional<at::Device> device, ::std::optional<bool> pin_memory) {
// No device check
// DeviceGuard omitted
return at::native::arange(start, end, step, dtype, layout, device,
pin_memory) ;
}

} // anonymous namespace

//aten/src/ATen/native/TensorFactories.cpp
[/ NN NN N NN N N NN NN NN NN arange

S VW N

Tensor arange(const Scalar& end,
std: :optional<ScalarType> dtype,
std: :optional<Layout> layout,
std: :optional<Device> device,
std: :optional<bool> pin_memory) {
return native::arange(/#start=+/0, end, dtype, layout, device, pin_memory);

Tensor arange(const Scalar& start, const Scalar& end,
std: :optional<ScalarType> dtype,
std: :optional<Layout> layout,
std: :optional<Device> device,
std: :optional<bool> pin_memory) {
return native::arange(

start, end, /*step=+/1, dtype, layout, device, pin_memory);

Tensor arange(
const Scalar& start,
const Scalar& end,
const Scalar& step,
std: :optional<ScalarType> dtype,
std: :optional<Layout> layout,
std: :optional<Device> device,
std: :optional<bool> pin_memory) {
// See [Note: hacky wrapper removal for TensorOptions]
TensorOptions options =
TensorOptions () .dtype(dtype) . layout(layout) .device(device) .pinned_memory (pin_me

mory) ;

bool set_to_integral_dtype = !options.has_dtype() &&
// bool 1inputs are considered integral
start.isIntegral(true) &&
end.isIntegral(true) &&



76 step.isIntegral(true);
17
78 Tensor result = set_to_integral_dtype
79 ? at::empty ({0}, options.dtype(at::ScalarType::Long))
80 . at::empty ({0}, options);
81 return at::arange_out(result, start, end, step);
82 }
83
84  Tensor& arange_out(const Scalar& end, Tensor& result) {
85 return at::arange_out(result, /*start=+/0, end, /#*step=+/1);
86 }
87
88
89 E&#BdispatchFat::arange_out cudafISSIN7E LEfEES
Function &0
AR
1 // schema: arange.start_out(Scalar start, Scalar end, Scalar step=1, *,
Tensor(a!) out) -> Tensor(a!)
template<typename T, typename T_acc_type>
Jx*
* @brief Creates a 1-D tensor of size ceil((end - start) / step) with values
from start to end with step step
5 *
6 * @param dev Device handle for CUDA/CPU device management
7 * @param start Starting value of the sequence
8 * @param end Upper limit of the sequence (exclusive)
9 * @param step Spacing between values (must be nonzero)
10 * @param dtype Data type of output tensor
11 * @param out Optional pre-allocated output tensor (can be non-
contiguous)
12 *
13 * @note Memory Layout:
14 * - Fully supports non-contiguous output tensors
15 * - For non-contiguous tensors, computation is done in a temporary
contiguous tensor
16 * and then copied to the output tensor
17 * - This approach ensures optimal performance while supporting any
memory layout
18 *
19 * @return Tensor The output tensor
20 x/
21  template<typename T>
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41

void fn_arange(

)5

SiDeviceHandle *dev,
void* out,

const T& start,
const T& end,

const T& step

RS
L es

at:
at:
at:
at:
at:

:ScalarType: :Byte (uint8)
:ScalarType: :Char (int8)
:ScalarType: :Short (intl6)
:ScalarType::Int (int32)
:ScalarType::Long (int64)

F R

at:
at:

:ScalarType::Float (float32)
:ScalarType: :Double (float64)

RFB A

at:
at:

:ScalarType::Half (floatl6)
:ScalarType: :BFloatl6 (bfloatl6)

O 3E contiguous B T RES 13
O cuda XM: WEREKEREEL, NRFE, ERCE—NENIELKE, EHFRH
18, AEBEREFIEFRRIEESKE.

O AIATESEN kernel H#H{THIBT, F0SR2Z contiguous, AIEIZEIEN kernel, BNTE
pytorch S EC—HELSIKERZ N kernel, AGFIETEER tensor copy 4ARIGIE

contiguous tensor,

argmax,argmax.out

SEER
Pytorch EAMXIEESE !
https://pytorch.org/docs/stable/generated/torch.argmax.html#torch.argmax

SELI:
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/ReduceArgMaxKerne

l.cu

https://github.com/pytorch/pytorch/blob/7bd2e3bcal809a586a2b3072a16c75e871a256b3/aten
/src/ATen/native/cuda/Reduce.cuh#L1173

(AN RS


https://pytorch.org/docs/stable/generated/torch.argmax.html#torch.argmax
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/ReduceArgMaxKernel.cu
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/ReduceArgMaxKernel.cu
https://github.com/pytorch/pytorch/blob/7bd2e3bca1809a586a2b3072a16c75e871a256b3/aten/src/ATen/native/cuda/Reduce.cuh#L1173
https://github.com/pytorch/pytorch/blob/7bd2e3bca1809a586a2b3072a16c75e871a256b3/aten/src/ATen/native/cuda/Reduce.cuh#L1173

O© 0o N O U b W N B
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~N o oA W N B O O 0o N0 D WNEFEF O O 0o N0 b WN P O OV oo N0 P N EFE o

import torch

# 1. BXREZE - 1DKE

x = torch.tensor([1, 2, 3, 4, 2])

indices = torch.argmax(x)

print(indices) # tensor(3) - BRAE4MNZES|IE

# 2. IEEHE - 2DKE
x = torch.tensor([[1, 2, 3],
(3, 1, 211)
# FITIHRERAME (dim=1)
indices = torch.argmax(x, dim=1)
print(indices) # tensor([2, 0]) - BITRAEMNZES]

# 3. TREHERE (keepdim=True)
indices = torch.argmax(x, dim=1, keepdim=True)
print(indices) # tensor([[2],

# [011)

# 4. WIEHEENZRAKE(RESE—)

x = torch.tensor([1, 4, 4, 3])

indices = torch.argmax(x)

print(indices) # tensor(1l) - REIE—MNME

# 5. TEGPULTFER

if torch.cuda.is_available():
x_cuda = x.cuda()
indices = torch.argmax(x_cuda)

print(indices.device) # cuda:0

# 6. WIBRFEHIELRD
X = torch.tensor([1.1, 2.2, 3.3], dtype=torch.floatl6)
indices = torch.argmax(x)

print(indices) # tensor(2)

# 7. ZYKE

x = torch.randn(2, 3, 4)

# ERE—#LEKRE

indices = torch.argmax(x, dim=-1)
print(indices.shape) # torch.Size([2, 3])

# 8. 2RAmKE

X = torch.tensor([[1, 2], [3, 4]])
index = torch.argmax(x) # BFEREEAE
print(index) # tensor(3) - 489{UE

# 9. WiEIEMargmax



48 mask = torch.tensor([True, False, True, True])
49 x = torch.tensor([1, 2, 3, 4])
50 1dndices = torch.argmax(x * mask.float())
51 print(indices) # tensor(3)
Function &0
(ASERS
// schema: argmax(Tensor self, int? dim=None, bool keepdim=False) -> Tensor
// schema: argmax.out(Tensor self, int? dim=None, bool keepdim=False, *,
Tensor(a!) out) -> Tensor(a!l)
S //at::Tensor & wrapper_CUDA_argmax_out_out(const at::Tensor & self,
::std::optional<inté64_t> dim, bool keepdim, at::Tensor & out)
4
5 Viz:
6 * @brief Find indices of maximum values along a dimension
7 *
8 * @param dev Device handle for CUDA device management
] * @param out Output indices tensor (inté64_t)
10 * @param out_sizes Output tensor sizes [ndims]
11 * @param out_strides Output tensor strides [ndims]
12 * @param self Input tensor data pointer
13 * @param self_sizes Input tensor sizes [ndims]
14 * @param self_strides Input tensor strides [ndims]
15 * @param ndim Number of dimensions
16 * @param dim Dimension to reduce along (-1 means flatten)
17 * @param dtype Data type of input tensor
18 * @param keepdim Whether to keep reduced dimension
19 *
20 * @note Memory Layout:
21 * - Output tensor contains indices of maximum values
22 * - For floatl6/bfloatlé inputs, computation is done in float32
23 * - Indices are 64-bit integers
24 *
25 * @note Performance Optimizations:
26 * - Uses vectorized loads when possible
27 * - Special handling for contiguous tensors
28 * - Different implementations for inner/outer dimensions
29 *
30 * @note Constraints:
31 * - dim must be valid (-ndim <= dim < ndim)
32 * - Memory must be properly aligned
33 * - Maximum dimensions: 32
34 *
35 * @return int O on success, error code otherwise
36 x/



37 void fn(

38 SiDeviceHandle dev, // Device handle

39 void *out, // Output indices (int64_t)
40 const int64_t* out_sizes, // Output sizes [ndims]
41 const int64_tx out_strides, // Output strides [ndims]
42 const void *self, // Input data pointer

43 const int64_tx self_sizes, // Input sizes [ndims]

44 const int64_tx self_strides, // Input strides [ndims]
45 int ndims, // Number of dimensions
46 int dim, // Reduction dimension

47 int dtype, // Input data type

48 bool keepdim = false // Keep reduced dimension
49 );

50

51 //%#F Half # BFloati6 K%, BEEMH float EXHa)i+EEE
52 //BEREBEERHIELEIGEH R G HIEIELEE 6]+ K5

53 - uint8_t // Byte
54 - 1int8_t // Char
55 - 1dntle_t // Short
56 - int32_t // Int

57 - int64_t // Long
58 - float // Float
59 - double // Double

ISSUE

() Dtype x#¥ //cuda B952H 2#%F Byte Char Short Int Long Float Double
) float32
) foatle A foat dESrhial ik E
) bloatle AR float dErhialh FE
(J mxformat
O 3E contiguous MREREXHF (MIRIZFFBEEK Function #&0)
O BEFIMEE stride F size 58, BARBITERMNRSIHE

(J Memory @G FEE Align, Align F|Z/L

isin.Tensor_Tensor,isin.Tensor_Tensor_out

k

SEER

https://pytorch.org/docs/stable/generated/tor
ch.isin


https://pytorch.org/docs/stable/generated/torch.isin
https://pytorch.org/docs/stable/generated/torch.isin

In [1828]: (c,d,torch.isin(c, d))
[call] op=[aten::isin.Tensor_Tensor], key=[AutogradCUDA]
[redispatch] op=[aten::isin.Tensor_Tensor], key=[CUDA]
[call] op=[aten::fill_.Scalar], key=[CUDA]

[call] op=[aten::unsqueeze], key=[CUDA]
[call] op=[aten::as_strided], key=[CUDA]
[call] op=[aten::view], key=[CUDA]

[call] op=[aten::eq.Tensor], key=[CUDA]
[calll op=[aten::any.dim], key=[CUDA]
[call] op=[aten::as_strided], key=[CUDA]
[call] op=[aten::copy_], key=[CUDA]

(tensor([[ 1, 65536],

[ 2, 311, device='cuda:0'),
tensor([ 22, 65536], device='cuda:0'),
tensor([[False, Truel,

[False, Falsel], device='cuda:0'))

SELI:

https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/
src/ATen/native/cuda/TensorCompare.cpp#L11

(AN RS

import torch

1
2
3 # SN EEE

4  elements = torch.tensor([1, 2, 3, 4, 5])
5 test_elements = torch.tensor([2, 4, 6])
6

7

8

9

# 10E elements FHITTERESTE test_elements H
result = torch.isin(elements, test_elements)
print(result) # HitH: tensor([False, True, False, True, False])
10
11 # {#M Tensor Fi&
12 result = elements.isin(test_elements)
13 print(result) # HiH: tensor([False, True, False, True, False])
14
15  # fEF assume_unique &%
16  result = torch.isin(elements, test_elements, assume_unique=True)
17
18 # A dnvert SEERENVFTE test_elements HHHITTERIES
19 result = torch.isin(elements, test_elements, invert=True)
20 print(result) # HitY: tensor([True, False, True, False, Truel)

Function 0

(AZEES

1 - func: dsin.Tensor_Tensor_out(Tensor elements, Tensor test_elements, *, bool
assume_unique=False, bool invert=False, Tensor(a!) out) -> Tensor(a!)
2 variants: function


https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/src/ATen/native/cuda/TensorCompare.cpp#L11
https://github.com/pytorch/pytorch/blob/3f069e7679588d5ee4b1d5b2492ca0e20f9320b5/aten/src/ATen/native/cuda/TensorCompare.cpp#L11
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19
20
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34
35
36
37
38
39
40
41
42
43
44
45

structured: True

dispatch:

CPU, CUDA: 1isin_Tensor_Tensor_out
MPS: dsin_Tensor_Tensor_out_mps

//isin.Tensor_Tensor_out(Tensor elements, Tensor test_elements, *, bool

as

*
*
*
*
*
*

co

*
te
*
*
*
*

*

*
*
*

*

VO

sume_unique=False, bool invert=False, Tensor(a!) out) -> Tensor(a!)

Jx*

@brief Test each element in 'elements' for membership in 'test_elements'

@param dev Device handle for device management

@param elements Input tensor to check

@param test_elements Elements to test for membership

@param assume_unique If True, assumes both elements and test_elements

ntain unique elements

@param invert If True, return nonzero where element is NOT in
st_elements

@param out Output boolean tensor (pre-allocated)

@param dtype Data type of input tensors(optional)

@note Functionality:
- Returns boolean tensor of same shape as elements
- True where element is in test_elements, False otherwise

- If invert=True, returns opposite

@note Performance:
- For GPU: Materializes cross product for parallel comparison
- assume_unique=True can enable optimizations

- Uses tensor broadcasting internally

@note Example:
elements = [1, 2, 3, 4]
test_elements = [2, 4, 6]
out = [False, True, False, True]

@return int 0 on success, error code otherwise

/
id fn(
SiDeviceHandle dev, // Device handle
const void *elements, // Input elements to check
const void xtest_elements, // Test elements to compare against
bool assume_unique, // Whether inputs contain unique elements
bool -tinvert, // Whether to invert the result

void *out, // Output boolean tensor



46 int Type(optional) // Data type of input tensors (elements &
test_elements)
47 )

ISSUE
() Dtype %2#¥ //cuda BYSEI £ #F kComplexHalf, kHalf, kBool, kBFloatl6
O float32
O float16
(J bfloat16
(J mxformat
O 3E contiguous MREREX R (MIRIFFEEX Function #&0)
O IEESEEATMAP BB IWIFIRA contiguous, FRFKE stride, dim E8

(O Memory @EEE Align, Align EI%/
cat.out, cat

SEER
Pytorch E/A X458 % . https://pytorch.org/docs/stable/generated/torch.cat.html#torch.cat

HITMAELMBE:
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/sr
c/ATen/native/cuda/Shape.cu#L288C6-L288C18

BITRIMRAESE
https://github.com/pytorch/pytorch/blob/32f585d9346e316e€554c8d9bf7548af9f62141fc/aten/sr
c/ATen/native/cuda/Shape.cu#L526

HEDIR

1 1int64_t offset = 0; // RELHEFIIE

2 for (const Tensor& t : materialized) {

3 if (cat_should_skip_tensor(t)) continue;

4 /) FRERE K EFIEFEE _LAIA

5 int64_t dimSize = t.size(dim);

6 /) MERKEFRLHXT A NEILE

7 Tensor nt = at::narrow(result, dim, offset, dimSize);
8

9

// FHAIKEEFIZE T

copy_(nt, t);
10 [/ BHIREE
11 offset += dimSize;
12}

13


https://pytorch.org/docs/stable/generated/torch.cat.html#torch.cat
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Shape.cu#L288C6-L288C18
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Shape.cu#L288C6-L288C18
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Shape.cu#L526
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Shape.cu#L526

14 //example:

15 // BIAIEZERTHKE [2,3] f [2,4] £28E1L:

16 tensorl = [[1,2,3], result = [[1,2,3,4,5,6,7],

17 [4,5,6]] [8,9,10,11,12,13,14]]

18 tensor2 = [[4,5,6,7],

19 [11,12,13,14]]
20
21 /) FE:
22 1. BIBERKE result, KA [2,7]
23 2. narrow IR{EFIHEI3F: ntl = result[:, 0:3]
24 3. EHIE—NKE: copy_(ntl, tensorl)
25 4. narrow IR{EYIHIE4%): nt2 = result[:, 3:7]
26 5. BHIE-_MKE: copy_(nt2, tensor2)

Function &0

AGIR

1 //schema :

2 //cat.out(Tensor[] tensors, int dim=0, *, Tensor(a!) out) -> Tensor(a!)
3 //cat(Tensor[] tensors, int dim=0) -> Tensor

4 # alias for torch.cat

5 //concat(Tensor[] tensors, int dim=0) -> Tensor

6 //concat.out(Tensor[] tensors, int dim=0, *, Tensor(a!) out) -> Tensor(a!)
7 //concat.names (Tensor[] tensors, Dimname dim) -> Tensor

8 //concat.names_out(Tensor[] tensors, Dimname dim, *, Tensor(a!) out) ->

Tensor(a!)

9 # alias for torch.cat

10 //concatenate(Tensor[] tensors, int dim=0) -> Tensor

11 //concatenate.out(Tensor[] tensors, int dim=0, *, Tensor(a!) out) -> Tensor(a!)
12 //concatenate.names (Tensor[] tensors, Dimname dim) -> Tensor

13 //concatenate.names_out (Tensor[] tensors, Dimname dim, *, Tensor(a!) out) ->

Tensor (a!)

14

15 //BHEEE R E RiiEHE s U

16 //TEABHIEBESHK

17 "concat(TensorList tensors, int64_t dim=0, *, Tensor out=None)"

18 //fEHZ2E/E (Dimname) ELEEE LK

19 '"concat(TensorList tensors, Dimname dim, *, Tensor out=None)"

20

21 // [FIEHILEE, XTFERE, BLOFIER:

22 case 0: {

23 if (_r.isNone(2)) {

24 /) 1. EFREHEE, EHHKE

25 return at::concat(tensors, dim);

26 } else {

27 /) 2. EFHEHEE, FlHHKE



28 return at::concat_out(out, tensors, dim);
29
30 }
31 case 1: {
32 if (_r.isNone(2)) {
33 // 3. BHEGBEEE, ThHLKE
34 return at::concat(tensors, dim);
35 } else {
36 // 4. BHABELE, BHHKE
37 return at::concat_out(out, tensors, dim);
38
39}
(ASERS
1 J/EBOFFRESDIimname, EEIEFILIEEZEAdin, iR Eoutisst, FZEEEZ return
output
2 Vi zs
3 * @brief Concatenate multiple tensors along the specified dimension
4 *
5 * @param dev Device handle
6 * @param out Output tensor data pointer (pre-allocated)
7 * @param out_ndims Number of outs' dimensions
8 * @param out_sizes Array of output tensor sizes for each dimension
9 * @param out_strides Array of output tensor strides for each dimension
10 * @param tensors Array of input data pointers
11 * @param num_tensors Number of input tensors
12 * @param tensors_sizes Array of input sizes [num_tensors * tensors_ndims]
13 * @param tensors_strides Array of input strides [num_tensors * tensors_ndims]
14 * @param dim Concatenation dimension
15 * @param element_size element_size of tensor
16 * @param tensors_ndims Number of temsors' dimensions (<= 4)
17 * @param all_contiguous  Whether all inputs are memory contiguous
18 * @param all_same_dtype  Whether all inputs have same data type
19 * @param all_same_stride Whether all inputs have same stride pattern
20 * @param memory_format Memory format (0: Contiguous, 1: ChannelslLast, 2:
ChannelslLast3d) (optional)
21 *
22 * @note Memory Layout:
23 * - tensors_size[i][j]->[(7i-1)*tensors_ndim+j]: size of i-th tensor 1in
Jj—th dimension
24 * - tensors_stride[7][j]->[(7-1)*tensors_ndim+j]: stride of i-th tensor
in j—th dimension
25 *
26 * @note Performance Optimizations:
27 * - Fast path when all_contiguous is true



28 * - Special handling for aligned memory

29 * - Batch processing when all_same_dtype 1is true

30 *

31 * @note Constraints:

32 * - Maximum dimensions: 4

33 * - All tensors must be 32-bit indexable

34 *

35 * @return int O on success, error code otherwise

36 %/

37 void fn(

38 SiDeviceHandle dev, // Device handle

39 void *out, // Output data pointer

40 const inté64_t out_ndims, // Outputs' dimensions

41 const int64_t+* out_sizes, // Output sizes [out_ndim]
42 const inté64_t* out_strides, // Output strides [out_ndim]
43 void **tensors, // Array of 1input data pointers

[num_tensors]

44 int num_tensors, // Number of input tensors

45 const inté64_t tensors_ndims, // tensorimensions

46 const inté64_t* tensors_sizes, // Input sizes [num_tensors* tensors_ndim]
47 const int64_t+* tensors_strides, // Input strides [num_tensorsx*

tensors_ndim]

48 int dim, // Concatenation dimension

49 int element_size, // element_size of tensor

50 bool all_contiguous, // Whether all inputs are contiguous
51 bool all_same_dtype, // Whether all inputs have same dtype
52 bool all_same_stride, // Whether all inputs have same stride
53 int memory_format // Memory format (optional)

54 );

55

56 // input_sizes, input_stridesiibl, RIRIEZEMT 2x3 KE
57 int64_t out_size[] = {2, 6}; // 2x6 it
58 1int64_t out_stride[] = {6, 1}; // ZFL7=0#

59

60 int64_t tensors_sizel[] = {
61 2, 3, // B—THA

62 2, 3 /) BEZTEA

63 };

64  int64_t tensors_stride[] = {
65 3, 1, // B—THA

66 3, 1 /) BZTHA

67 };

68

69 //cuda BYLH F+F kComplexHalf, kHalf, kBool, kBFloatlé

ISSUE



() Dtype z#¥ //cuda B93EH 2 #F kComplexHalf, kHalf, kBool, kBFloatl6
) float32
) floatl6
() bfloatl16
) mxformat
(O 3E contiguous B ERESIF (MNRLIFFEEIK Function 1#0)
O BESBERERB/NAI#E L E AR/ (CAT_ARRAY_BATCH_SIZE/2)
O FE&IMFAE stride M size 58, ARHITERNRSIITE
O AFEERHTZ Contiguous
(J Memory @EEE Align, Align F|Z/b

O £% cuda EIMHE 16 FHXITTRIRE, GIRXIFFEILAHITINE

cumsum.out, cumsum, cumsum_

SEER

Pytorch E/A X458 % . https://pytorch.org/docs/stable/generated/torch.cumsum.html

cuda LI HE .

https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/CumsumKernel.cu

https://github.com/pytorch/pytorch/blob/bb7e8fbd668c7c8931436b4a935b26911cbe0daf/aten/

src/ATen/native/cuda/ScanUtils.cuh#L446

(AN RS

import torch

1
2
3 # 1. BEXAE - 1DKE

4 x = torch.tensor([1l, 2, 3, 4])

5 'y = torch.cumsum(x, dim=0)

6 print(y) # tensor([1l, 3, 6, 10])
-

8

9

# 2. 2DKE - FHITERM

x = torch.tensor([[1, 2, 3],
10 [4, 5, 6],
11 [7, 8, 911)
12y = torch.cumsum(x, dim=0)
13 print(y)
14 # tensor([[ 1, 2, 3],
15 # [ 5, 7, 9],
16 # [12, 15, 18]])
17


https://pytorch.org/docs/stable/generated/torch.cumsum.html
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/CumsumKernel.cu
https://github.com/pytorch/pytorch/blob/bb7e8fbd668c7c8931436b4a935b26911cbe0daf/aten/src/ATen/native/cuda/ScanUtils.cuh#L446
https://github.com/pytorch/pytorch/blob/bb7e8fbd668c7c8931436b4a935b26911cbe0daf/aten/src/ATen/native/cuda/ScanUtils.cuh#L446

18  # 3. 2DIKE - RFIEN

19 y = torch.cumsum(x, dim=1)
20  print(y)

21 # tensor([[ 1, 3, 6],

22 # [ 4, 9, 15],
23 # [ 7, 15, 24]])
24

25  # 4. IEEWMHAER
26 y = torch.cumsum(x, dim=0, dtype=torch.float)
27 print(y.dtype) # torch.float32

28

29 5. fERAERK
30y = x.cumsum(dim=0)
31

32 # 6. TEGPULfEHA
33 1if torch.cuda.is_available():

34 x_cuda = x.cuda()

35 y_cuda = torch.cumsum(x_cuda, dim=0)
36 print(y_cuda.device) # cuda:0

37

38 # 7. RIEBAREEKE

39 x = torch.randn(2, 3, 4, 5)

40 y = torch.cumsum(x, dim=2) # TESHE3 EEM
41 print(y.shape) # torch.Size([2, 3, 4, 5])
42

43 8. TEERS|

#
44 y = torch.cumsum(x, dim=-1) # FRETF dim=3

Function 0

HAETIR

1 cumsum.out(Tensor self, int dim, *, ScalarType? dtype=None, Tensor(al!) out) ->

Tensor(a!)

3 void launch_cumsum_cuda_kernel(const TensorBase& result, const TensorBase&
self, int64_t dim) {

4 AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND2 (

5 ScalarType::Half, ScalarType::BFloatl6,

6 self.scalar_type(), "cumsum_cuda",

7 [&10) {

8 scalar_t init = 0;

9 scan_dim<scalar_t>(

10 self,

11 result,

12 dim,

13 init,



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

*

*

std::plus<scalar_t>());
1)

@brief Compute the cumulative sum along a dimension

@param dev Device handle for CUDA device management
@param out Output tensor data pointer (pre-allocated)
@param out_sizes Output tensor sizes for each dimension [ndim]
@param out_strides Output tensor strides for each dimension [ndim]
@param self Input tensor data pointer

@param self_sizes Input tensor sizes for each dimension [ndim]
@param self_strides Input tensor strides for each dimension [ndim]
@param ndims Number of dimensions

@param dim Dimension to compute cumsum along

@param dtype Data type of tensors

@param all_contiguous Whether all tensors are memory contiguous

@note Memory Layout:
- Input and output tensors must have same shape
- For contiguous tensors, memory is assumed to be packed

- For non-contiguous tensors, strides specify memory layout

@note Performance Optimizations:
- Special fast path when input is contiguous
- Uses vectorized operations for aligned memory

- Different implementations for innermost vs outer dimensions

@note Constraints:
- dim must be valid (0 <= dim < ndim)
- Memory must be properly aligned (16 bytes)
- Maximum dimensions: 32

*/

void cumsum_fn(

SiDeviceHandle dev, // Device handle

const void *out, // Output data pointer
const int64_t* out_sizes, // Output sizes [ndims]
const int64_t* out_strides, // Output strides [ndims]
const void *self, // Input data pointer
const int64_tx self_sizes, // Input sizes [ndims]
const int64_tx self_strides, // Input strides [ndims]

int ndims, // Number of dimensions
int dim, // Cumsum dimension
int dtype, // Data type

bool all_contiguous = true // Whether all tensors are contiguous



61 )

62

63  support dtype:

64 - uint8_t

65 - int8_t

66 - intle_t

67 - int32_t

68 - int64_t

69 - float

70 - double

71 - complex<float>

72 - complex<double>

73 - ScalarType::Half

74 - ScalarType::BFloatl6
ISSUE
(O Dtype #¥

float32

floatl6

bfloatls

(J mxformat

O 3E contiguous MREREXHF (MIRIFFEEX Function #&0)
(J For contiguous tensors, memory is assumed to be packed
(J For non-contiguous tensors, strides specify memory layout

O Memory BEEE Align, Align E1%/

clamp
Clamp # clamp_tensor 7ERIZ4E LR—HHY, XBRIHT—1Mg—# O, clamp_min,
clamp_max & clamp SSIRAVHFH, WHRE—RHITAIE

clamp, clamp_, clamp.out, clamp_max, clamp_max_, clamp_max.out, clamp_min,
clamp_min_, clamp_min.out

clamp.Tensor, clamp_.Tensor, clamp.Tensor_out, clamp_max.Tensor,
clamp_max_.Tensor, clamp_max.Tensor_out, clamp_min.Tensor,
clamp_min_.Tensor, clamp_min.Tensor_out

SEER

pytorch B/ &E#: https://pytorch.org/docs/stable/generated/torch.clamp.html#torch.clamp


https://pytorch.org/docs/stable/generated/torch.clamp.html#torch.clamp

cuda 35
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/
src/ATen/native/cuda/TensorCompare.cu#L61C13-L61C32 (scalar)

https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/
src/ATen/native/cuda/TensorCompare.cu#L44( tensor)

RIIR
1 // 1. BEXEE - clamp(input, min, max)
2 A
3 auto input = torch::tensor({-2, 0, 2, 4, 6});
4
5 // Bt EREEE
6 auto output = torch::clamp(input, /*min=+/0, /*max=+*/4);
7 // output: [0, 0, 2, 4, 4]
8
9 // & Tensor [REERE
10 auto min = torch::tensor({-1, 1, 0, 2, -2});
11 auto max = torch::tensor({1, 3, 2, 4, 6});
12 output = torch::clamp(input, min, max);
13 // FITTEHTREITEXTZETEEA
14 }
15
16 // 2. [EHEIE - clamp_(input, min, max)
17 {
18 auto input = torch::tensor({-2, 0, 2, 4, 6});
19
20 // RHIEL
21 input.clamp_(/*min=+/0, /*max=+/4);
22 // input: [0, 0, 2, 4, 4]
23 }
24
25 // 3. & out B# - clamp.out(input, min, max, out)
26 {
27 auto input = torch::tensor({-2, 0, 2, 4, 6});
28 auto out = torch::empty_like(input);
29
30 torch::clamp_out(out, input, /*min=*/0, /*max=*/4);
31 // out: [0, 0, 2, 4, 4]
32}
33
34 // 4. RR#EIR/NE - clamp_min
35 {
36 auto input = torch::tensor({-2, 0, 2, 4, 6});
37
38 auto output = torch::clamp_min(input, /*min=+x/2);


https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/TensorCompare.cu#L61C13-L61C32
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/TensorCompare.cu#L61C13-L61C32
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/TensorCompare.cu#L44
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/TensorCompare.cu#L44

39 // output: [2, 2, 2, 4, 6]

40
41 // RHAR A
42 input.clamp_min_(2);
43 }
44
45 // 5. HRFIEAE - clamp_max
46 f
47 auto input = torch::tensor({-2, 0, 2, 4, 6});
48
49 auto output = torch::clamp_max(input, /*max=+*/2);
50 // output: [-2, 0, 2, 2, 2]
51
52 // TRHpR A
53 input.clamp_max_(2);
54 }
55
56 // 6. ZLEE Nan
57 {
58 auto input = torch::tensor({-2, NAN, 2, 4, 6});
59
60 // NaN =E1IRE
61 auto output = torch::clamp(input, /*min=+x/0, /*max=x*/4);
62 // output: [0, NaN, 2, 4, 4]
63 }
64
65 // 7. TAZHHEELEE
66 {
67 /) ZIFRTEHEER
68 auto input_float = torch::tensor({-2.5, 0.5, 2.5}, torch::kFloat32);
69 auto output_float = torch::clamp(input_float, 0.0, 2.0);
70
71 auto input_int = torch::tensor({-2, 0, 2}, torch::kInt32);
72 auto output_int = torch::clamp(input_int, 0, 2);
73}
74
Function #0
(AR IERZ

1 //clamp.out(Tensor self, Scalar? min=None, Scalar? max=None, *, Tensor(a!)
out) -> Tensor(a!)
2 //clamp.Tensor_out(Tensor self, Tensor? min=None, Tensor? max=None, *,

Tensor(a!) out) -> Tensor(a!)

Vaz:



5 * @brief Clamps all elements in input into the range [min, max]
6 *

7 * @param dev Device handle for device management
8 * @param out Output data pointer

9 * @param self Input data pointer

10 * @param min Lower-bound tensor/scalar value

11 * @param max Upper-bound tensor/scalar value

12 * @param minmax Decide trigger clamp/clamp_min/clamp_max

13 * @param is_min_scalar Decide the min is scalar/tensor

14 * @param is_max_scalar Decide the max 1is scalar/tensor

15 *

16 * @note Supported Types:

17 * - All floating point types (float, double)

18 * - All 1integer types (uint8, int8, intl6, int32, int64)

19 * - Half precision (Half, BFloatl6)

20 *

21 */

22  template<typename T>

23 void clamp_min_max_fn(

24 SiDeviceHandle dev, // Device handle

25 void *out, // Output data pointer

26 const void *self, // Input data pointer

27 const void *min, // Lower bound tensor

28 const void *max, // Upper bound tensor

29 int minmax, // mode (0 for clamp, 1 for clamp_min, 2 for
clamp_max, tmep)

30 bool is_min_scalar, // Decide the min is scalar/tensor, true-
scalar false-tensor

31 bool is_max_scalar // Decide the max is scalar/tensor, true-
scalar false-tensor

32 );

33 //1iz#EO0F2Z Tvoid add_bfl6(SiDeviceHandle dev, void *d_in@, void *d_inl, void
*d_out, int dimO_size, int diml_size, sifmt::bfloatlé alpha, bool
is_d_in0O_scalar, bool is_d_inl_scalar);

34  //ETLILLEBmin/maxBIEE /I tensortscalarfYig

ISSUE
(O Dtype =¥

float32

floads

bfloatls

() mxformat

O 3E contiguous MREREX R (MIRIFFEEX Function #&0)



O ZEF =2 pointwise 89, EiN¥#7 contiguous [Fi#{TALEE

(J Memory @EEE Align, Align F|Z/b

neg.out, neg, neg_

B8EE2
pytorch B/ &%} https://pytorch.org/docs/stable/generated/torch.neg.html
cuda L& :

https://github.com/pytorch/pytorch/blob/94969d0a40e14eb36dd158d9805f48fb2f477cae/aten/s
rc/ATen/native/cuda/UnarySignKernels.cu#L29

RIGIR
import torch
# 1. BEARRZE

torch.tensor ([1, -2, 3])
torch.neg(x)

X

1
2
3
4
Sy
6
7
8
9

print(y) # tensor([-1, 2, -3])

# 2. EARBEEK
x = torch.tensor([1, -2, 3])
10 y = x.neg()
11  print(y) # tensor([-1, 2, -3])
i
13 # 3. ERAMASEEN
14 x = torch.tensor([1, -2, 3])
15 y = —X
16 print(y) # tensor([-1, 2, -3])
17

18  # 4. [RHMIRME

19 x = torch.tensor([1, -2, 3])

20 x.neg_() # ABBRRTHGRKRTIRIIRE
21 print(x) # tensor([-1, 2, -3])

22

23 # 5. FEHUERE

24  x = torch.tensor([1.5, -2.5, 3.5], dtype=torch.float32)
25 y = torch.neg(x)

26 print(y) # tensor([-1.5000, 2.5000, -3.5000])

27

28 # 6. B

29 X torch.tensor ([1+2j, -3-4j1])

30y = torch.neg(x)

31 print(y) # tensor([-1.-2.j, 3.+4.j])
32


https://pytorch.org/docs/stable/generated/torch.neg.html
https://github.com/pytorch/pytorch/blob/94969d0a40e14eb36dd158d9805f48fb2f477cae/aten/src/ATen/native/cuda/UnarySignKernels.cu#L29
https://github.com/pytorch/pytorch/blob/94969d0a40e14eb36dd158d9805f48fb2f477cae/aten/src/ATen/native/cuda/UnarySignKernels.cu#L29

33 # 7. ZYEKS
34 x = torch.tensor([[1, -2], [3, -4]1)
35 y = torch.neg(x)

36 print(y) # tensor([[-1, 2], [-3, 4]1]1)
37
38 # 8. TEGPULfEMA

39 1if torch.cuda.is_available():

40 x_cuda = torch.tensor([1l, -2, 3], device='cuda'")
41 y_cuda = torch.neg(x_cuda)
42 print(y_cuda) # tensor([-1, 2, -3], device='cuda:0')
Function %0
AR
1 at::Tensor & wrapper_CUDA_neg_out_out(const at::Tensor & self, at::Tensor &
out)
2
3 Vaz:
4 * @brief Compute element-wise negation of a tensor
5 *
6 * @param dev Device handle for CUDA device management
7 * @param out Output tensor data pointer
8 * @param self Input tensor data pointer
9 * @param sizes Tensor sizes [ndim]
10 * @param strides Tensor strides [ndim]
11 * @param ndim Number of dimensions
12 * @param dtype Data type of tensors
13 *
14 * @note Memory Layout:

15 * - Input and output must have same shape

16 * - Supports non-contiguous tensors

17 * - Optimized for contiguous case

18 *

19 * @note Performance:

20 * - Uses vectorized loads for aligned memory

21 * - JIT compilation for complex types

22 * - Different implementations for contiguous/strided
23 *

24 */

25 void fn(

26 SiDeviceHandle dev, // Device handle

27 void *out, // Output data pointer
28 const void #*self, // Input data pointer

29 const int64_t+* sizes, // Tensor sizes [ndim]
30 const inté64_t* strides, // Tensor strides [ndim]
31 int ndim, // Number of dimensions



32 int dtype // Data type
33

34

35 support Dtype

36 FREEARIEZE (BT AT_DISPATCH_ALL_TYPES):
37 uint8_t (Byte)

38 int8_t (Char)

39 1intl6_t (Short)

40 int32_t (Int)

41 1int64_t (Long)

42  float (Float)

43  double (Double)

44  FIBEFRHEE (BiE ScalarType::Half):

45 at::Half (floatlé6)

46  BFloatl6 A (@ ScalarType::BFloatl6):

47 at::BFloatl6 (bfloatl6)

48  BHEEEY (@i AT_DISPATCH_COMPLEX_TYPES_AND) :
49  cl0::complex<float> (ComplexFloat)

50 ¢10::complex<double> (ComplexDouble)

51 cl0::complex<Half> (ComplexHalf)

ISSUE
() Dtype Z#¥
floaz2
Hoatds
bHeatis
() mxformat
O 3F contiguous MEEHEER R (MNRZFFEELL Function $£0)
(J Different implementations for contiguous/strided

O Memory @&EHE Align, Align %D
aten::as_strided

8EE2

B https://pytorch.org/docs/stable/generated/torch.as_strided.html#torch.as_strided
SEI:
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/c10/c
ore/Tensorimpl.cpp#L846

REZE:


https://pytorch.org/docs/stable/generated/torch.as_strided.html#torch.as_strided
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/c10/core/TensorImpl.cpp#L846
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/c10/core/TensorImpl.cpp#L846

kg EXEE

2
3
4
5
6
7
8

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

import torch

# BIBE— T ELAIKE
X = torch.tensor([[1, 2, 3],

[4, 5, 611)
print(x.size()) # torch.Size([2, 3])
print(x.stride()) # (3, 1) - ZXnBo—1TEELH#HIT TR, Bo)—5IFEL#1

TTE

# 1&Has_stridedtl|E— 1 #E
# 1. FHEIRE
y = X.as_strided(size=(3, 2), stride=(1, 3))

print(y)

# S :

# tensor([[1, 4],
# [2, 5],
# [3, 6]1)

# 2. IRBIXI AT E
diag = x.as_strided(size=(2,), stride=(4,))
print(diag) # tensor([1, 5])

# 3. f&fstorage_offset&#

# MEBZTTTEHLE, CIE—T1x28980E

z = x.as_strided(size=(1, 2), stride=(3, 1), storage_offset=1)
print(z) # tensor([[2, 3]])

# 4. CIZESYE

patches = x.as_strided(size=(2, 2, 2), stride=(3, 1, 1))
print(patches)

# BREZ2x2AK/HIEEE]

# tensor([[[1, 2],

# [2, 311,
# [[4, 5],
# [5, 6]171)

# 5. LHYEFRAENE L]
input = torch.arange(16).reshape(4, 4)
# tensor([[ 0, 1, 2, 3],

# [4, 5 6, 7],
# [8 9, 10, 11],
# [12, 13, 14, 15]])

windows = input.as_strided(size=(2, 2, 3, 3),
stride=(4, 1, 4, 1))

print(windows) # F#—73x3&/[

# tensor([[[[ 0, 1, 2],



47 # [ 4, 5, 6],
48 # [ 8 9, 10]],
49 # [[ 1, 2, 3],
50 # [ 5, 6, 7],
51 # [ 9, 10, 11]]],
52 # [Lr 4, 5, 6],
53 # [ 8, 9, 10],
54 # [12, 13, 14]],
55 # [[ 5, 6, 7],
56 # [ 9, 10, 11],
57 # [13, 14, 15]]]])
Function &0
(AR
Jx*
2 * @brief Creates a view of the input tensor with specified size, stride, and
optional storage offset
3 *
4 * @param dev Device handle for CUDA/CPU device management
5 * @param self Input tensor data pointer
6 * @param self_sizes Input tensor sizes [ndims]
7 * @param self_strides Input tensor strides [ndims]
8 * @param self_ndims  Number of dimensions for input tensor
9 * @param out Output tensor data pointer (same storage as input)
10 * @param size Desired output sizes [out_ndims]
11 * @param stride Desired output strides [out_ndims]
12 * @param out_ndims Number of dimensions for output tensor
13 * @param storage_offset Storage offset for output tensor (in elements)
14 * @param dtype Data type of tensor
15 *
16 * @note Memory Layout:
17 * - Same underlying storage is shared between input and output
18 * - No memory allocation occurs
19 * - Output tensor accesses input tensor's storage according to
size/stride/offset
20 *
20l: * @note Safety:
22 * - Caller is responsible for ensuring valid size/stride/offset
combinations
23 * - Invalid parameters may cause out-of-bounds memory access
24 *
25 * @note Examples:
26 * 1. Transpose a 2x3 tensor to 3x2:
27 * - Input: sizes=[2,3], strides=[3,1]

28 * - Output: sizes=[3,2], strides=[1,3]



29 *

30 * 2. Get diagonal elements of a square matrix:
31 * - Input: sizes=[NxN]
32 * - Output: sizes=[N], strides=[N+1]
33 *
34 * 3. Extract a subtensor with offset:
35 * - Input: sizes=[H,W]
36 * - Output: sizes=[h,w], storage_offset=_(i*W+j)
37 *
38 */
39 void as_strided(
40 SiDeviceHandle *dev, // Device handle
41 const void *self, // Input tensor data pointer
42 const int64_tx self_sizes, // Input tensor sizes
43 const int64_tx self _strides, // Input tensor strides
44 int self_ndims, // Number of input dimensions
45 void *out, // Output tensor data pointer (same as input)
46 const int64_tx size, // Output tensor sizes
47 const int64_t* stride, // Output tensor strides
48 int out_ndims, // Number of output dimensions
49 int64_t storage_offset = 0, // Storage offset (in elements)
50 int dtype = kFloat // Data type
51 );
ISSUE
(O Dtype #%

O view 121E, FNFKRENTE, MiZZIFFHREH type
O 3E contiguous MREREXHF (MIRIZFFEEX Function #&0)

() Memory @EEE Align, Align EI%

eq.Scalar_out, eqg.Scalar, eq_.Scalar, eq.Tensor_out, eq.Tensor,
eg_.Tensor, ng.Scalar_out, ng.Scalar, ng_.Scalar, nq.Tensor_out,
ng.Tensor, ng_.Tensor [TODO]

cuda # eq Ml nq BIBIFE— kernel LIMRY, #FiE ERI¥ZEIA], scalar M tensor RILLUES flag Kix
&, SEMG—FFEO

sEiER

https://pytorch.org/docs/stable/generated/torch.eq.html
https://pytorch.org/docs/stable/generated/torch.ne.html#torch.ne

SLMBE
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/


https://pytorch.org/docs/stable/generated/torch.eq.html
https://pytorch.org/docs/stable/generated/torch.ne.html#torch.ne
https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/CompareEQKernel.cu#L32

src/ATen/native/cuda/CompareEQKernel.cu#L32

AGIR

1  eq

2 # 1. KEBSKEHK

3 X = torch.tensor([1, 2, 3])

4 'y = torch.tensor([1, 1, 3])

5 result = torch.eq(x, y) # Bt x.eq(y) B x ==y
6 # result: tensor([True, False, True])

7

8 # 2. KESHEHK

9 x = torch.tensor([1, 2, 3])

10 result = torch.eq(x, 2) # Bf x.eq(2) B x == 2
11 # result: tensor([False, True, False])

12

13 ne

14 # 1. KESKEHK

15 X = torch.tensor([1, 2, 3])

16 y = torch.tensor([1, 1, 3])

17 result = torch.ne(x, y) # 3¢ x.ne(y) Bf x I=y
18 # result: tensor([False, True, False])

19
20 # 2. KESHENK
21 x = torch.tensor([1, 2, 3])
22  result = torch.ne(x, 2) # 3¢ x.ne(2) B x != 2
23 # result: tensor([True, False, True])

Function &0
AT IR

Viz:
* @brief Performs element-wise equality/inequality comparison

*

* @param dev Device handle for CUDA/CPU device management
@param out Output tensor (bool type) to store the result

* @param self First input tensor

* @param other Second 1input tensor or scalar

* @param out_sizes output sizes

O© 0o N O U b W N
%

* @param out_strides output strides (can be non-contiguous)

10 * @param self_sizes First input sizes

11 * @param self_strides First input strides (can be non-contiguous)
12 * @param other_sizes  Second input sizes (nullptr if scalar)

13 * @param other_strides Second input strides (can be non-contiguous)
14 * @param self_ndims Number of self dimensions

15 * @param other_ndims Number of other dimensions


https://github.com/pytorch/pytorch/blob/7ae0ce6360b6e4f944906502d20da24c04debee5/aten/src/ATen/native/cuda/CompareEQKernel.cu#L32

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

%

@param dtype

Data type of inputs

* @param is_other_scalar Whether other is a scalar

* @param op_type

* @note Memory Layout:

0 for eq, 1 for ne

* - Fully supports non-contiguous tensors

* - Handles arbitrary strides efficiently

* - Optimized for both contiguous and non-contiguous cases
*/

void compare_eq_ne(
SiDeviceHandle x*dev,
void *out,
const void *self,
const void *other,
const int64_t* out_sizes,
const int64_t* sout_strides,
const int64_tx self_sizes,
const int64_tx self_strides,
const int64_t*x other_sizes,
const int64_t* other_strides,
int self_ndims,
int other_ndims,
int dtype,
boo'l 7s_other_scalar,
int op_type

)5

SR EELE

BEAREELn

-gic)

kByte / kUInt8 (uint8)
kChar / kInt8 (int8)

kShort / kIntl6 (intlé6)
kInt / kInt32 (int32)

kLong / kInt64 (int64)
FRE

kFloat (float32)

kDouble (float64)

=% &3t

kComplexFloat (complex64)
kComplexDouble (complex128)
kComplexHalf (complex32)
RAEEEE

kHalf (floatlé)

kBFloatl6 (brain floating point)
ST it

kBool (#A’R)

// Device handle

// Output tensor data pointer (bool type)
// First input tensor data pointer

// Second input tensor/scalar data pointer
// output sizes

// output strides

// First input sizes

// First input strides

// Second input sizes (nullptr if scalar)
// Second input strides (nullptr if scalar)
// Number of self dimensions

// Number of other dimensions

// Data type of inputs (optional)

// Whether other is a scalar

// 0 for eq, 1 for ne



63  AT_FLOAT8_TYPES (Float8EH!, B#F kFloat8_e4m3fn # kFloat8_e5m2)
64 BREMNSRE

65  AT_BAREBONES_UNSIGNED_TYPES

66 kUIntl6 (uintl6)

67 kUInt32 (uint32)

68 kUInt64 (uinte4)

ISSUE
O Dtype X&#%

() AT_EXPAND(AT_ALL_TYPES_AND_COMPLEX), kComplexHalf, kHalf, kBFloat16,
kBool, AT_EXPAND(AT_FLOAT8_TYPES),
AT_EXPAND(AT_BAREBONES_UNSIGNED_TYPES));

O 3E contiguous M2 TRESIF (MNRLZIFFEEK Function ##0)

O pytorch FR{EA T TensorlteratorBase f%i% self, other, out, FZEFEIE contiguous
S

(O #E%| broadcast HI1E)T, out A self B9 size/stride ZEARA—BMIE R, BEEN

O Memory BEEE Align, Align E1%/

fill_.Scalar, fill.Scalar_out, fill_.Tensor, fill.Tensor_out

SEER

L=
https://pytorch.org/docs/stable/generated/torch.Tensor.fill_.html
SEIR:

https://github.com/pytorch/pytorch/blob/2e0c98ff058eb6661f991f05557a673187eead84/aten/sr
c/ATen/native/cuda/FillKernel.cu#L22

AT LR

1  fill_.Scalar(Tensor(a!) self, Scalar value) -> Tensor(a!)
2 fill_.Tensor(Tensor(a!) self, Tensor value) -> Tensor(a!)
3

4 fill_.Tensor@EAXZ i Ntensor, BRAERITEKE, BFRFlvalue.dim() == 0, RZXFHADN

HERERNKernel

5

6 BERE:

2

8 x = torch.zeros(2, 3)

9 print(x)
10

11


https://pytorch.org/docs/stable/generated/torch.Tensor.fill_.html
https://github.com/pytorch/pytorch/blob/2e0c98ff058eb6661f991f05557a673187eead84/aten/src/ATen/native/cuda/FillKernel.cu#L22
https://github.com/pytorch/pytorch/blob/2e0c98ff058eb6661f991f05557a673187eead84/aten/src/ATen/native/cuda/FillKernel.cu#L22

12

13 # EARIEE

14 x.fill_(5)

15 print(x)

16 # tensor([[5., 5., 5.],

17 # [5., 5., 5.7])

18

19  # HEATEIEEE

20 y = torch.zeros(2, 3, dtype=torch.int)
21 y.fill1_(3.14) # SWEETAEH
22  print(y)

23 # tensor([[3, 3, 3],

24 # [3, 3, 37])

25

26 # BIEKE

27 x = torch.zeros(2, 3)

28

29  # BIEEFZEHIFKE

30y = torch.fill(x, 7)

31 print(x) # BKEFRZL

32 # tensor([[0., 0., 0.],

33 # [6., 0., 0.]])

34  print(y) # #FKEWEFE

35 # tensor([[7., 7., 7.],

36 # [7., 7., 7.7])

37

38 # BIEIEKE

39 scalar_tensor = torch.tensor(9.5)
40

41  # At ERKEER

42  x = torch.zeros(2, 3)

43  x.fill_(scalar_tensor)

44  print(x)

45  # tensor([[9.5000, 9.5000, 9.5000],

46  # [9.5000, 9.5000, 9.5000]])
Function &0
AR
1 Jx*
2 * @brief Fills a tensor with a scalar value
3 *
4 * @param dev Device handle for CUDA/CPU device management
5 * @param self Tensor data pointer to be filled
6 * @param self_sizes Tensor sizes [ndims]



7 * @param self_strides Tensor strides [ndims] (supports non-contiguous
tensors)
* @param ndims Number of dimensions
* @param value Scalar value to fill the tensor with
10 * @param dtype Data type of the tensor (optional)
11 *
12 * @note Supported Types:
13 * - All numeric types (float, int, etc.)
14 * - Complex types
15 * - Boolean type
16 * - Half precision (floatl6, bfloatl6)
17 * - Float8 types
18 * - Unsigned types
19 *
20 * @note Memory Layout:
21 * - Supports both contiguous and non-contiguous tensors
22 * - Handles arbitrary strides efficiently
23 *
24 * @note Special Cases:
25 * - For single-element CPU tensors, a specialized fast path is used
26 *
27 * @return 7nt O on success, error code otherwise
28 */
29  dint fill(
30 SiDeviceHandle *dev, // Device handle
31 void *self, // Tensor data pointer
32 const int64_tx self_sizes, // Tensor sizes
33 const int64_tx self_strides, // Tensor strides
34 int ndims, // Number of dimensions
35 const void* value, // Scalar value pointer
36 int dtype // Data type of tensor (optional)
37 )
ISSUE
(O Dtype &#%

() 3E contiguous IR EREZIF (MNRZIFFEIELL Function ##0)
() pytorch H A T TensorlteratorBase %3 self, FZE3E contiguous LI

(J Memory

EBEEE Align, Align FIz0

() 4F tensor/scalar
O wWRAE fill_stub, i@t pytorch BIRIASEIIRST tensor #H1TIE, AJLUIEEIREX

(Tensorlterator& iter, const Scalar& value) {ERE%K



O MEREA fill_stub, EEECFHVIEBERRENSE, 3t tensor #HITHIMT, REUFER
0 scalar #H1THHEI IR

div.out, div_.Tensor, div.Tensor, div.Scalar, div_.Scalar

SEER

SEI:
https://github.com/pytorch/pytorch/blob/9cd52da45¢3030601bdd27e8a948f23bel2b21ee/aten/
src/ATen/native/cuda/BinaryDivTrueKernel.cu#L20

##L: https://pytorch.org/docs/stable/generated/torch.div.html#torch.div

cuda HRFM T div.out, div_o Tensor, div.Tensor, cuda i@ div_true_stub ;¥## div, cuda
B9 kernel FEHITE ZMINRE scalar BRI, =% scalar BUEISEIRBRREZITE

AGIR

2 X = torch.tensor([l@.@, 20.0, 30.0])

3 y = torch.tensor([2.0, 5.0, 10.0])

4

5 # =RENHI

6 resultl = torch.div(x, y)

7 result2 = x /vy

8 result3 = x.div(y)

9

10 print(resultl) # tensor([5.0000, 4.0000, 3.0000])

11

12 a = torch.tensor([10.0, 20.0, 30.0])

13 ¢ = torch.div(a, 2.0)

14 print(c) # tensor([5.0000, 10.0000, 15.0000])

15

16 # EFEBETT

17 c=a/ 2.0

18 print(c) # tensor([5.0000, 10.0000, 15.0000])
Function &0

KGR

1 div.Tensor(Tensor self, Tensor other) -> Tensor

2 div_.Tensor(Tensor(a!) self, Tensor other) -> Tensor(a!)

3 div.out(Tensor self, Tensor other, *, Tensor(a!) out) -> Tensor(a!)

4

5 Jx*


https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/BinaryDivTrueKernel.cu#L20
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/BinaryDivTrueKernel.cu#L20
https://pytorch.org/docs/stable/generated/torch.div.html#torch.div

© 00 N O
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
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45
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47
48
49
50
51
52

*

*

*

@brief Performs element-wise division of tensor by another tensor or scalar

@param dev Device handle for CUDA/CPU device management
@param self Dividend tensor (numerator)

@param other Divisor tensor or scalar (denominator)
@param self_sizes Tensor sizes of self [ndims]

@param self_strides Tensor strides of self [ndims]
@param other_sizes Tensor sizes of other [ndims] (nullptr if scalar)

@param other_strides Tensor strides of other [ndims] (nullptr if scalar)

@param ndims Number of dimensions
@param out Output tensor (can be same as self for in-place)
@param out_sizes Output tensor sizes [ndims]

@param out_strides Output tensor strides [ndims]

@param 7is_self_scalar

@note Supported Types:
- Floating point types (float, double)
- Complex types (complex<float>, complex<double>)
- Half precision (floatlé, bfloatl6)

@note Performance Optimizations:
- Special fast path for scalar divisors
- For scalar division, computes a * (1/b) instead of a / b

- Handles non-contiguous tensors efficiently
@note Broadcast Support:
- Automatically handles broadcasting between tensors

- Caller must ensure output tensor has correct broadcast shape

@return int 0 on success, error code otherwise

*/
int div(

)5

SiDeviceHandle dev,

const void* self,

const voidx other,

const int64_tx self_sizes,
const int64_tx self_strides,
const int64_tx other_sizes,
const int64_t*x other_strides,
int self_ndims,

int other_ndims,

voidx out,

const int64_t*x out_sizes,
const int64_t*x out_strides

bool is_self_scalar



53 REFHUERE

54 FRKE:

55 float32 (torch.float)

56 float64 (torch.double)

57 floatlé (torch.half)

58 bfloatle (torch.bfloatl6)

59 SHEEE:

60  complex64 (torch.complex64)

61 complex128 (torch.complex128)

62 CUDA SEMAEEZFFEIE (W int8, intle, int32, int64) , EATE PyTorch A1,
PRERREIFERER (BRETH) o

B MRS FF & 35 ER

(1) #EIzRsL, YREERFfloat, bf163E

(2) BREL (3AN2) FEXFtensorGscalarmMHAIR
(3) MtHS#FFER (A1) HIshape—H

(4) wNERFREHtensor, AR SWIFEshapefiBE (W0ARE, N EEZSAIEHTT
broadcast) , fflelementwisepfix

(5) XIFFIEHEI: BEBRFIERIMO_size * sizeof(T)A1024BX4 37
(6) MANFHSE, WHEERHFITIMIE (reshapeh—%HFHpaddingERFEXITFIRH!)
A& OERR:

(YRS

1 template <typename T>
2 void div(void *d_in@, void *d_inl, void *d_out, int dim@_size, bool

is_d_inl_scalar);

ISSUE
O 3E contiguous MEEHEER R (MNRZHRFEELK Function $£0)
() EE=7EZ broadcast ME ZPMHEIANA scalar B1E . BE stride, size, dim 58

exponential_

SEER

SELW:
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/DistributionExponen
tialKernel.cu


https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/DistributionExponentialKernel.cu
https://github.com/pytorch/pytorch/blob/main/aten/src/ATen/native/cuda/DistributionExponentialKernel.cu

https://github.com/pytorch/pytorch/blob/6055a4f612782ca944f2e0465f7497b7f18de4e9/aten/sr
c/ATen/native/cuda/DistributionTemplates.h#L558

##L: https://pytorch.org/docs/stable/generated/torch.Tensor.exponential_.html

RBGIR
1  import torch
2
3 # BIB—TKE
4 x = torch.tensor([1.0, 2.0, 3.0])
5
6 # IRHATTIEH TR
7  x.exponential_()
8
9 print(x) # #t: tensor([ 2.7183, 7.3891, 20.0855])
Function &0
AR
1 (Tensor(a!) self, float lambd=1, *, Generator? generator=None) -> Tensor(a!)
2
3 Jx*
4 * @brief Fills the input tensor with samples from an exponential distribution.
5 *
6 * @param self The output tensor to fill with samples.
7 * @param lambda The rate parameter (lambda) of the exponential
distribution.
8 * @param gen Optional random number generator for reproducibility.
*
10 * @return void#* ptr to the output tensor filled with samples.
14 x/
12
13 void*x fn(
14 SiDeviceHandle *dev,
15 voidx self,
16 double lambda,
17 std::optional<Generator> gen = std::nullopt
18 const int64_tx self_sizes,
19 const int64_tx self_strides,
20 int ndims,
21 )
22
23 (update)
24

25


https://github.com/pytorch/pytorch/blob/6055a4f612782ca944f2e0465f7497b7f18de4e9/aten/src/ATen/native/cuda/DistributionTemplates.h#L558
https://github.com/pytorch/pytorch/blob/6055a4f612782ca944f2e0465f7497b7f18de4e9/aten/src/ATen/native/cuda/DistributionTemplates.h#L558
https://pytorch.org/docs/stable/generated/torch.Tensor.exponential_.html

26 ZEFHVEUESEEL:
27  FEHEA: float32, float64, floatle, bfloatl6
28  EHEEA: complex64, complex128

ISSUE
() 3E contiguous IR EEEIF (MRLIFFEEX Function 3##0)

O @i exponential_stub £}, Z#F3E contiguous 28iE, FEIRM size, stride, dim
=)

addmm.out,addmm,mm.out,mm, _addmm_activation.out,
_addmm_activation

SEER

X14: https://pytorch.org/docs/stable/generated/torch.mm.html
https://pytorch.org/docs/stable/generated/torch.addmm.html
Addmm:

out = B input + « (matl; @ mat2;)

SEII:

https://github.com/pytorch/pytorch/blob/919d54b7b1bcba4dfd425675f7c29438e1435469/aten/
src/ATen/native/cuda/Blas.cpp#L318

(RS EES

2 TORCH_IMPL_FUNC(addmm_out_cuda) (const Tensor& self, const Tensor& matl, const
Tensor& mat2, const Scalar& beta, const Scalar& alpha, const Tensor& result) {
3 addmm_out_cuda_impl(const_cast<Tensor&> (result), self, matl, mat2, beta,
alpha);
}

TORCH_IMPL_FUNC(addmm_activation_out_cuda) (const Tensor& self, const Tensor&
matl, const Tensor& mat2, const Scalar& beta, const Scalar& alpha, bool
use_gelu, const Tensor& result) {

7 addmm_out_cuda_impl(const_cast<Tensor&>(result), self, matl, mat2, beta,

alpha, use_gelu ? Activation::GELU : Activation::RELU);
}

10  TORCH_IMPL_FUNC(mm_out_cuda) (const Tensor& self, const Tensor& mat2, const
Tensor& result) {
11 addmm_out_cuda_impl(const_cast<Tensor&>(result), result, self, mat2, 0, 1);


https://pytorch.org/docs/stable/generated/torch.mm.html
https://pytorch.org/docs/stable/generated/torch.addmm.html
https://github.com/pytorch/pytorch/blob/919d54b7b1bcba4dfd425675f7c29438e1435469/aten/src/ATen/native/cuda/Blas.cpp#L318
https://github.com/pytorch/pytorch/blob/919d54b7b1bcba4dfd425675f7c29438e1435469/aten/src/ATen/native/cuda/Blas.cpp#L318

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57

= opi@idE—1kernel3:H]

>>> A = torch.tensor([[1,
>>> B = torch.tensor([[5,
>>> 1qnput = torch.tensor (

>>> C = torch.mm(A,B)

>>> C

tensor ([[19, 22],
[43, 50]])

>>> C = torch.addmm(input
>>> C
tensor ([[20, 23],

[44, 51]])

>>> C = torch.addmm(input, A, B, beta=1, alpha=2.0)

>>> C
tensor ([[ 39, 45],
[ 87, 101]])

torch._addmm_activation(i
EMT
gelu(beta * input + alpha

torch._addmm_activation(i
EMNT
relu(beta * input + alpha

>>> result =

>>> equivalent =

>>> result

tensor ([[ 2.7273e+00, 1.
[ 1.1547e+00,
[-1.1569e-04, 2.

>>> equivalent

tensor ([[ 2.7273e+00, 1.
[ 1.1547e+00,
[-1.1569e-04, 2.

>>> result =
alpha=2.0,use_gelu=True)
>>> equivalent =

>>> result

2], [3, 41D
61, [7, 811
[fx, 11, [1, 111)

» A, B)

nput, matl, mat2,

* torch.mm(matl,

nput, matl, mat2,

* torch.mm(matl,

2938e+00, 4.7260e-02,
.3293e-01, -9.3054e-02,
0479e+00, 6.1474e-01,
2938e+00, 4.7260e-02,
.3293e-01, -9.3054e-02,
0479e+00, 6.1474e-01,

mat2))

mat2))

gelu(input + torch.mm(matl, mat2))

=2

beta=0.5, alpha=2.0,use_gelu=True)

beta=0.5, alpha=2.0,use_gelu=False)

torch._addmm_activation(input, matl, mat2, use_gelu=True)

6163e-03],

1.9921e-017,
1.1607e+00]1])

.6163e-03],

1.9921e-017,
1.1607e+00]1])

torch._addmm_activation(input, matl, mat2, beta=0.5,

gelu(0.5 * dnput + 2.0 * torch.mm(matl, mat2))

tensor ([[ 3.1910e+00, -1.6997e-01, -6.1870e-02, -1.6937e-02],



58 [ 2.7823e+00, -2.6890e-02, -3.9319e-03, -1.6966e-01],
59 [-6.1636e-06, 4.7033e+00, 2.5606e+00, 3.8821e+00]])
60  >>> equivalent

61 tensor([[ 3.1910e+00, -1.6997e-01, -6.1870e-02, -1.6937e-02],

62 [ 2.7823e+00, -2.6890e-02, -3.9319¢-03, -1.6966e-01],

63 [-6.1636e-06, 4.7033e+00, 2.5606e+00, 3.8821e+00]])
Function 0

REiERE

/**

NS

@brief HITIHEIEFTAZHINEE, AIEEZREZL: out = beta * bias + alpha * (A @ B)

1

2

3

4 * @param dev IRE G, HF CUDA IRESEIE

5 * @param a_ptr F—TFEERIHIEIS ST (A)

6 * @param b_ptr FEZNMEFERIHIEISET (B)

7 * @param bias_ptr WEKEBIHIEIEE, BT IEIREIER %45 R
8 * @param a_sizes A FEFERVEE [2], KT (m, k)
9 * @param a_strides A FEFERIE R [2]

10 * @aram b_sizes B JE[FBYEE [2], KA (k, n)
11 * @param b_strides B fE[FRIZE K [2]

12 * @param bias_sizes WEKEEE, FTLIE [2] 8 [1]

=
w
*

@param bias_strides HEKELIFEK

14 * @param bias_ndims WEKERHES (1 50 2)

15 * @param out_ptr B KSR IEIS £

16 * @param out_sizes BIdiKERIEE [2], BT (m, n)
17 * @param out_strides BHKERE K [2]

18 * @param dtype B KERIHHERLE ID

19 * @param alpha A @ B BYFEHLIEF

20 * @param beta A=V e

21 * @param activation BEREEE : 0=None, 1=RelU, 2=GELU
22 *

23 * @note SZIFHIIHERRY :

24 * - JEHEA (float, double)

25 * - FREEEA (half, bfloatl6)

26 * - SII;FAER (float8_e4m3fn, float8_es5m2)
27 *

28 * @note AT/ :

29 * - ZIFEMAFERE (1T FIsE. FEEL)
30 * - Bt B EMIREE

31 * - YR A 3% B EIFELH), AlgES~LInETEIZE
32 *

33 * @note SKE/ 15:

34 * - BEOLIEME (1D) ZFEfE (2D)

35 * - NIRREEHE, =K BIEGEENK

w
(0}
N



37
38
39
40
a1
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

70

ISSUE

void addmm_fn(
SiDeviceHandle dev,
const voidx a_ptr,
const void*x b_ptr,
const voidx bias_ptr,
const int64_t*x a_sizes,
const int64_t*x a_strides,
const int64_tx b_sizes,
const int64_tx b_strides,
const int64_t*x bias_sizes,
const int64_t*x bias_strides,
int bias_ndims,
voidx out_ptr,
const int64_t*x out_sizes,
const int64_t* out_strides,
int dtype,
float alpha,
float beta,
int activation

)3
#Xika,b,outMIndimsig2

B2 51 O TPNE it

1. FRKE

float32 (torch.float, at::kFloat) - B¥EEZS

float64 (torch.double, at::kDouble) - WIEEZ=

2. FIEEER

floatl6 (torch.half, at::kHalf) - H¥FEEFa

bfloatlé (torch.bfloatl6, at::kBFloatl6) - Brain Zmi&=

3. RFBEXE (BE GPU ZR92H)

float8_e4m3fn (torch.float8_e4m3fn, at::kFloat8_e4m3fnuz) - S{IFm (4NFEE, 31U
E#0)

float8_e5m2 (torch.float8_e5m2, at::kFloat8_e5m2fnuz) - 8fiiZm (5{iE%k, 2(iE#N)

O 3F contiguous MEEHEER I (MNRZFFEELL Function $£0)
() addmm_out_cuda_impl {8 prepare_matrix_for_cublas 75 7& R0 BIEELS N

index.Tensor,index.Tensor_out, index_put_impl, _index_put_impl,
_index_put_impl.out, index_put_, index_put.out



U =N
https://pytorch.org/docs/stable/generated/torch.Tensor.index_put_.html#torch.Tensor.index_pu
t

SELI:

https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/s
rc/ATen/native/cuda/IndexKernel.cu#L196

https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/s
rc/ATen/native/cuda/IndexKernel.cu#L248

TR
1 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6], [7, 8, 9]1])
2 >>> row_indices = torch.tensor ([0, 2]) # HEFEF0ITHIE27T
3 >>> result = x[row_indices]
4 >>> result
5 tensor([[1, 2, 3],
6 [7, 8, 911)
7 >>> row_1indices = torch.tensor ([0, 1, 2])
8 >>> col_indices = torch.tensor([1, 2, 0])
9 >>> result = x[row_indices, col_indices]
10  >>> result
11 tensor([2, 6, 7])
12 >>>
13
14 >>> x = torch.zeros(3, 3) # ZIUE float £Z
15 >>> dndices = (torch.tensor ([0, 2]), torch.tensor([1, 1]))
16 >>> values = torch.tensor([10, 20], dtype=torch.float) # ZIl/5ENFmEE
17  >>> result = x.index_put(indices, values)
18  >>>
19 >>> result
20  tensor([[ 0., 10., 0.7,
21 [ 0., 0., 0.1,
22 [ 0., 20., 0.]1)
23
24 >>> x = torch.ones(3, 3) # /FmEH
25 >>> X
26  tensor([[1., 1., 1.7,
27 [1., 1., 1.],
28 [1., 1., 1.11)
29  >>> dindices = (torch.tensor ([0, 0]), torch.tensor([1, 1])) # ZF5/{U&Z (0,1) EE
30 >>> values = torch.tensor([10.0, 20.0]) # ZmEFILA] x
31  >>> result = x.index_put(indices, values, accumulate=True)
32 >>> result
33 tensor([[ 1., 31., 1.7,


https://pytorch.org/docs/stable/generated/torch.Tensor.index_put_.html#torch.Tensor.index_put_
https://pytorch.org/docs/stable/generated/torch.Tensor.index_put_.html#torch.Tensor.index_put_
https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/src/ATen/native/cuda/IndexKernel.cu#L196
https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/src/ATen/native/cuda/IndexKernel.cu#L196
https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/src/ATen/native/cuda/IndexKernel.cu#L248
https://github.com/pytorch/pytorch/blob/981807cfcbc2dc8036f0e83f038455b49ba4b833/aten/src/ATen/native/cuda/IndexKernel.cu#L248

34 [ T=™1., 1.],
35 [ 1., 1., 1.11)
36 >>>
37
38  cudaEMAHA—PAO
39 template <typename scalar_t>
40  void index_kernel_impl(TensorIteratorBase& 7ter, const IntArrayRef index_size,
const IntArrayRef 7index_stride) {
41 gpu_index_kernel(7ter, index_size, index_stride, []JC1l0_DEVICE(char* const
out_data, const char* const 7n_data, const int64_t offset) {
42 xreinterpret_cast<scalar_tx>(out_data) = xreinterpret_cast<const scalar_tx>
(in_data + offset);
3 b;
44 '}
45
46  template <typename scalar_t>
47  void index_put_kernel_impl(TensorIterator& 7iter, const IntArrayRef 7index_size,
const IntArrayRef index_stride) {
48 gpu_index_kernel(7ter, index_size, index_stride, []Cl0_DEVICE(charx* const
out_data, const charx const 7n_data, const int64_t offset) {
49 xreinterpret_cast<scalar_t*>(out_data + offset) = *reinterpret_cast<const
scalar_tx>(7in_data);
50 s
51 }
52
Function &0
AGIR
1 Vaz:
2 * @brief HITERZESIIEIE (index Fl index_put)
3 *
4 * @param dev IRES W, EFE CUDA LTFX
5 * @param out FRKE (XF index EHit, XIF index_put E#HZES5IFVH
),
6 * @param indices E5KEHH, FEE—TFK5, @&F nullptr X509
E
* @param values
* @param self JRSKE (X1F index @EZE5IHTIR, XTF index_put EHINIE)
* @param out_ndims
10 * @param out_sizes
11 * @param out_strides
12 * @param indices_ndims
13 * @param indices_sizes #FTRFIKENRTEAEA, XrBEHXEREEH
14 * @param indices_strides & 1F5IKERIE KA, LS ES/I1EH
15 * @aram num_indices HIIKERIHE
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29
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59
60
61

%

%

%

NS

%

NS

*

*

*

@param values_ndims
@param values_sizes
@param values_strides
@param self_ndims
@param self_sizes
@param self_strides
@param is_put

@param accumulate

@note ZiFRYEGIER:

- BUFRSIKE: AEFERTIUERIHE
- nullptr: FRZEETHITEST, 1HEFEDEELHREE
- TS B RERN true BIMEHTTES]

@note WFRLLFE:

- Z5IM 0 F (dimension_size-1)
- REFIERNERIEE: -1 ‘TrRE—1TT%

- R5BHEE ML FEE

@note A777R/5 :
- SSHFIEELE AN K E

- RIEBERR S L HIRE IS

@return int 0ZxmAbYy, FFEFRTEIRED

*/
void fn(

SiDeviceHandle dev,

const void* self,

const void*x 7indices,

const voidx values,

void* out,

const int64_t self_ndims,
const int64_tx self_sizes,
const int64_tx self_strides,
const int64_tx 7indices_ndims,
const int64_tx 7indices_sizes,
const int64_tx 7indices_strides,
int64_t num_indices,

const int64_t values_ndims,
const int64_tx values_sizes,
const int64_tx values_strides,
const int64_t out_ndims,

const int64_t* out_sizes,
const int64_tx out_strides,
bool 7s_put,

bool accumulate

true=index_put #®fE, false=index IE(E
Y is_put=true FIEZZEIEMFSEM (IXX index_put H



62
63
64
65
66
67
68
69
70
71
72
73

ISSUE

)3

index BRIEZHF:

FREEAIR: int8, intl6, int32, int64, uint8, float, double
FREE R complex64, complex128

FFEERE: floatle (kHalf)

/RZFEA: bool (kBool)

BFloatl6:. bfloatl6é (kBFloatl6)

SHHFFEE: complex32 (kComplexHalf)

index_put BIEZIFFRE index IFMUZERY, HEIMLHE::
SLF = KA float8_e4m3fn, float8_e5m2 (AT_FLOATS_TYPES)

() 3E contiguous IR EBEZIF (MNRZIFFEIELL Function ##0)

gt.Tensor_out gt.Tensor gt_.Tensor gt.Scalar_out gt.Scalar gt_.Scalar,
lt.Tensor_out [t.Tensor lt_.Tensor lt.Scalar_out [t.Scalar lt_.Scalar

KGR

1 //Cuda®t gt 1t lef@AH T A—NEL, EZRE—TFlagkifiil A Imethod
2

3 void gt_kernel_cuda(TensorIteratorBase& iter) {
4 compare_kernel_with_scalars(iter, OpType::GT);
5 1}

6

7 void le_kernel_cuda(TensorIteratorBase& 7ter) {
8 compare_kernel_with_scalars(iter, OpType::LE);
9 1}

10

11 void lt_kernel_cuda(TensorIteratorBase& 7ter) {
12 compare_kernel_with_scalars(iter, OpType::LT);
13}

gt.Tensor_out gt.Tensor gt_.Tensor gt.Scalar_out gt.Scalar gt_.Scalar

2EER
SEKI:

https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23bel2b21ee/aten/
src/ATen/native/cuda/CompareKernels.cu#L86


https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/CompareKernels.cu#L86
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/CompareKernels.cu#L86

https://pytorch.org/docs/stable/generated/torch.gt.html

RIGIR
1 gt.Scalar_out(Tensor self, Scalar other, *, Tensor(a!) out) -> Tensor(al)
2 gt.Tensor_out(Tensor self, Tensor other, *, Tensor(a!) out) -> Tensor(a!)
3
4 # KESKEHR
5 x = torch.tensor([1, 2, 3, 4])
6 y = torch.tensor([2, 2, 2, 2])
-
8 # =MENAET
9 resultl = torch.gt(x, vy)
10 result2 = x > vy
11  result3 = x.gt(y)
12
13 print(resultl) # tensor([False, False, True, True])
14
1185)
16 x = torch.tensor([1, 2, 3, 4])
17 # HBIKEPHIEF N TEELATF?2
18 result = x > 2
19 print(result) # tensor([False, False, True, True])
20
21
22 # TEFKBIKELLR (BFHE )
23 x = torch.tensor([[1, 2], [3, 4]])
24 y = torch.tensor([2, 1])
25
26 result = x >y
27  print(result)
28 # tensor([[False, True],
29 # [True, True]])

lt.Tensor_out lt.Tensor lt_.Tensor lt.Scalar_out [t.Scalar lt_.Scalar

2EiER

SELM:
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23bel2b21ee/aten/
src/ATen/native/cuda/CompareKernels.cu#L94

14 https://pytorch.org/docs/stable/generated/torch.lt.html

(RS EES


https://pytorch.org/docs/stable/generated/torch.gt.html
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/CompareKernels.cu#L94
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/cuda/CompareKernels.cu#L94
https://pytorch.org/docs/stable/generated/torch.lt.html

O© 0o N O U b W N B

N NN NNNNNMNERERRRBRRBR R B B
© N~ 0O 0D WNRGOONOOGUDMWNIHRO

import torch

Q
1

torch.tensor([1, 2, 3, 4])
torch.tensor([2, 2, 2, 2])

(o
I

# REOIFHIRKE IBEFH T
result = a < b

print(result) # tensor([True, False, False, False])

# KESKEHIR

a = torch.tensor([1, 2, 3, 4])

b = torch.tensor([2, 2, 2, 2])

result = torch.lt(a, b)

print(result) # tensor([True, False, False, False])

# KESIREHR
result = torch.lt(a, 2)
print(result) # tensor([True, False, False, False])

# HELLR
batch = torch.tensor([[1, 2, 3], [4, 5, 6]])
threshold = torch.tensor([2, 4, 3])

result = batch < threshold
print(result)

# tensor([[ True, True, False],

# [False, False, False]])

le.Scalar_out, le.Scalar, le.Tensor_out, le.Tensor

X#4: https://pytorch.org/docs/stable/generated/torch.le.html

AT IR

1 import torch

2

3 # BIERTKE

4 a = torch.tensor([1, 2, 3, 4])
5 b = torch.tensor([2, 2, 2, 2])
6

7  # 1@ torch.le Hb3&

8 result = torch.le(a, b)

9 print("a <= b:", result)

10 # a <= b: tensor([True, True, False, False])
e

12 # BAKERZLLK


https://pytorch.org/docs/stable/generated/torch.le.html

13 result_method = a.le(b)

14 print("a.le(b):", result_method)

15 # a.le(b): tensor([True, True, False, False])

16

17  # BIE—TKE

18 x = torch.tensor([[1, 2, 3], [4, 5, 6]])

19
20 # SHEHEK
21 result = torch.le(x, 3)
22 print(result)
23 # tensor([[ True, True, True],
24 # [False, False, False]])
25
26  # TEFEKBIKELR
27 a = torch.tensor([[1, 2], [3, 4]])
28 b = torch.tensor([2, 1]) # &%/ &N~ [[2, 1], [2, 1]]
29
30  result = torch.le(a, b)
31 print(result)
32 # tensor([[ True, False],
33 # [False, False]])

Function &0

RIEIR

1 Vaz:

2 * @brief Performs element-wise gt/lt/le comparison

3 *

4 * @param dev Device handle for CUDA/CPU device management
5 * @param out Output tensor (bool type) to store the result
6 * @param self First input tensor

7 * @param other Second input tensor or scalar

8 * @param out_sizes output sizes

9 * @param out_strides output strides (can be non-contiguous)
10 * @param self_sizes First input sizes

11 * @param self_strides First input strides (can be non-contiguous)
12 * @param other_sizes  Second input sizes (nullptr if scalar)
13 * @param other_strides Second input strides (can be non-contiguous)
14 * @param self_ndims Number of self dimensions

15 * @param other_ndims Number of other dimensions

16 * @param dtype Data type of inputs

17 * @param is_other_scalar Whether other is a scalar

18 * @param OpType 0 for gt, 1 for lt, 2 for le

19 *
20 * @note Memory Layout:
21 * - Fully supports non-contiguous tensors



22 * - Handles arbitrary strides efficiently

23 * - Optimized for both contiguous and non-contiguous cases
24 */
25 void compare_gt(
26 SiDeviceHandle *dev, // Device handle
27 void *out, // Output tensor data pointer (bool type)
28 const void *self, // First input tensor data pointer
29 const void *other, // Second input tensor/scalar data pointer
30 const int64_tx out_sizes, // output sizes
31 const int64_tx sout_strides, // output strides
32 const int64_tx self_sizes, // First input sizes
33 const int64_tx self_strides, // First input strides
34 const int64_tx other_sizes, // Second input sizes (nullptr if scalar)
35 const int64_tx other_strides, // Second input strides (nullptr if scalar)
36 int self_ndims, // Number of self dimensions
37 int other_ndims, // Number of other dimensions
38 int dtype, // Data type of inputs (optional)
39 bool 7s_other_scalar, // Whether other is a scalar
40 int OpType // 0 for gt, 1 for lt, 2 for le
41 );
ISSUE
(J Dtype #¥

(O AT_EXPAND(AT_ALL_TYPES_AND_COMPLEX), kComplexHalf, kHalf, kBFloat16,
kBool, AT_EXPAND(AT FLOATS_TYPES),
AT_EXPAND(AT_BAREBONES_UNSIGNED_TYPES));

O 3E contiguous MEEHRER R (MRZFRFEELK Function $#0)

() pytorch H{#H 7T TensorlteratorBase {%i& self, other, out, FZ[EIE contiguous
SCIR

() &%) broadcast FI1ET, out A self A9 size/stride ZEA—EMIE R, BEEN

O Memory @GEE Align, Align EI%/

resize_, resize_output, resize.out, resize

BEER

X#4: https://pytorch.org/docs/stable/generated/torch.Tensor.resize_.html

SEL:
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/sr
c/ATen/native/cuda/Resize.cpp#L17


https://pytorch.org/docs/stable/generated/torch.Tensor.resize_.html
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Resize.cpp#L17
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/Resize.cpp#L17

B IR FNTE cuda BYSSIRSEFR_E#LE cudaMemcpyAsync

(RS EES

import torch

1
2
3 # BIEKE

4  x = torch.randn(2, 3)

5 print(f"RIBKE: {x.shapel}")
6 # JRIGKE: torch.Size([2, 3])
-

8

9

# JEFEAXINA 3x2
x.resize_(3, 2)
10  print(f"AEEKE: {x.shape}")
11 # HEBEKE: torch.Size([3, 2])
12
13 # BIE—TKE
14 x = torch.tensor([1, 2, 3, 4, 5, 6]).view(2, 3)
15  print(f"EREI\BKEZ: \n{x}")
16 # [RIAKE:
17 # tensor([[1, 2, 3],
18 # [4, 5, 6]1])
19
20
21 # K - FromEEAF !
22  X.resize_(3, 3)
23 print(fMEMNAING FEARHE) : \n{x}")
24 # BIIKNGE FIETHE) :
25 # tensor([[1, 2, 3],

26 # [4, 5, 6],
27  # [?2, 2, 2]]) # #TEHIBEEKENXH]
28
29

30 # @K - BihfimE

31 y = torch.tensor([1, 2, 3, 4, 5, 6]).view(2, 3)
32  y.resize_(1, 3)

33 print(f"ELKIG: \n{y}")

34 # @LANE:

35 # tensor([[1, 2, 3]])

36

37  tensor = torch.tensor([1l, 2, 3, 4, 5, 6])

38

39 # 1. resize_: LGAZRIEFME, AIIEME R T
40  tensor_resized = tensor.clone()

41 tensor_resized.resize_(2, 4) # HEHIxZE, FcELTENE
42

43  # 2. view: NANTE, SExE#eTEE



44  tensor_view = tensor.view(2, 3) # ZULEMHETEE

45

46  # 3. reshape: Hflview, (BaJ{bEEIEZLKE

47  tensor_reshaped = tensor.reshape(3, 2) # A/AERIZEEIZ

48

49  # 4. contiguoustview: HHRIEL/GZHTIE

50  tensor_cont = tensor.contiguous().view(2, 3)

51

52 # AZBHIERT, #Z@EH view, reshape B permute FiFEKESHIK, XLFHiBBLTHRE
WEXZR, resize. TEHATFHEELFATAFSEHIFH TR,

cuda FILIERIZ (KEBS TIETE torch M)

1. NAs: resize_cuda_ X%k

HAETIR

1 const Tensor& resize_cuda_(const Tensor& self, IntArrayRef size,
std: :optional<MemoryFormat> optional_memory_format) {

2 // REREKE

3 if (self.has_names()) {

4 return resize_named_tensor_(self, size, optional_memory_format);
5 }

6

7 // IERIAFEXN) (BFHEMLEZ)

8 autox self_ = self.unsafeGetTensorImpl();

9 int64_t old_storage_nbytes = self_->unsafe_storage() ? self_-

>unsafe_storage() .nbytes() : 0;

10

11 // VAEESLFRA

12 resize_impl_cuda_(self_, size, /*strides=+/std::nullopt);

13

14 // LIRS TR

15 if (optional_memory_format.has_value()) {

16 // .. EHIRENK

17 self_->empty_tensor_restride(memory_format) ;

18 }

19

20 // HEMRZIEE (WRFE)

21 if (CLO_UNLIKELY (at::globalContext().deterministicAlgorithms() && ...)) {
22 at::native::fill_resize_deterministic_(self, old_storage_nbytes);
23 }

24

25 return self;

26}



2. LRI resize_impl_cuda_FiEK

HEFIR

1 1dnline TensorImplx resize_impl_cuda_(TensorImplx self, IntArrayRef size,

at::OptionalIntArrayRef stride) {

2 /) HIRANHHE K RE, EFERE]
3 if (self->sizes() == size && (!stride || self->strides() == stride)) {
4 return self;
5 +
6
7 // HHETEXNIFE RS
8 const auto itemsize = self->dtype().itemsize();
9 const auto storage_offset = self->storage_offset();
10
11 size_t storage_size = 1;
12 if (stride) {
13 // BERLETELKIZEA
14 self->set_sizes_and_strides(size, *stride);
15 /) IHEEBREEF T4
16 storage_size = at::detail::computeStorageNbytes(size, *stride, itemsize,
storage_offset);
17 } else {
18 /) REELAFHE
19 self->set_sizes_contiguous(size);
20 /) TTEELZAN T EF T4
21 storage_size = at::detail::computeStorageNbytesContiguous(size, itemsize,
storage_offset);
22 }
23
24 // RIEFBEIZEFIEA)
25 maybe_resize_storage_cuda(self, storage_size);
26
27 return self;
28 }

3. FfEY B E: maybe_resize_storage_cuda &%k

AEDIR

1 static inline void maybe_resize_storage_cuda(TensorImpl* self, size_t
new_size_bytes) {
/) EREBTFEREFE
if (self->numel() == 0) {
return;

o 0 b~ W N



const Storage &storage = self->unsafe_storage();
TORCH_CHECK(storage, "Tensor: invalid null storage");

10 /) REZEEAFEN A HZE

11 if (new_size_bytes > storage.nbytes()) {

12 resize_bytes_cuda(storage.unsafeGetStorageImpl(), new_size_bytes);
13 }

14 }

4, LFRATZEEE: resize_bytes_cuda KK

AR
1 void resize_bytes_cuda(StorageImpl* storage, size_t size_bytes) {
2 // WEFEED A A
TORCH_CHECK(storage->resizable(), "Trying to resize storage that is not
resizable");
auto allocator = storage->allocator();
5 TORCH_CHECK(allocator != nullptr, "Trying to resize storage without an
allocator");
6
7 cl0::Device device = storage->device();
8
9 /) WHIEL: HE oA
10 if (size_bytes == 0) {
11 storage->set_data_ptr_noswap(at::DataPtr(nullptr, device));
12 storage->set_nbytes(0);
13 return;
14 }
15
16 // REIEMHHICUDAIRE £ X
17 cl0::cuda: :CUDAGuard guard(device.index());
18
19 /) DEFTAE
20 at::DataPtr data = allocator->allocate(size_bytes);
21
22 // HIRFIEIAZHE, EFIZFTARF
23 if (storage->data_ptr()) {
24 at::globalContext().lazyInitCUDA();
25
26 /) BEEHHIE ~ BHEICUDANTE EHE
27 C10_CUDA_CHECK(
28 cudaMemcpyAsync (
29 data.get(), // Btr: FTAEFE
30 storage->data(), /) TR IHATE
31 std::min(storage->nbytes(), size_bytes), /) B8 B/EIE

32 cudaMemcpyDeviceToDevice, /) BEHIEE: REFIRE



33 c10: :cuda: :getCurrentCUDAStream())); /) & HEICUDAE

34 3

35

36 // FFTBIE IS5 B IARY

37 storage->set_data_ptr_noswap(std::move(data));
38 storage->set_nbytes(size_bytes);

39 }

rsub.Tensor, rsub.Tensor_out, rsub.Scalar, rsub.Scalar_out

redispatch Zl sub

(ARERS

1 aten/src/ATen/native/BinaryOps.cpp

2

3 // rsub.Scalar -> rsub.Tensor

4  Tensor rsub(const Tensor& self, const Scalar& other, const Scalar& alpha) {
5 return native::rsub(self, wrapped_scalar_tensor(other), alpha);

6 }

7 // rsub.Tensor -> sub.Tensor

8 Tensor rsub(const Tensor& self, const Tensor& other, const Scalar& alpha) {
9 return at::sub(other, self, alpha); // redispatch!

10 }

floor_divide, floor_divide.out, floor_divide_.Tensor, floor_divide.Scalar,
floor_divide.Scalar_out, floor_divide_.Scalar

SEER
X#4: https://pytorch.org/docs/stable/generated/torch.floor_divide.html
SELI:

https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryDivFloorKern
el.cu

floor_divide.Scalar, floor_divide.Scalar_out, floor_divide_.Scalar 7£
build/aten/src/ATen/RegisterCompositeExplicitAutograd.cpp A 7EAR

build/aten/src/ATen/RegisterCompositeExplicitAutograd.cpp

m.impl("floor_divide.Scalar",
TORCH_FN(wrapper_CompositeExplicitAutograd_Scalar_floor_divide));
m.impl("floor_divide.Scalar_out",

A W N B

TORCH_FN(wrapper_CompositeExplicitAutograd_Scalar_out_floor_divide_out));


https://pytorch.org/docs/stable/generated/torch.floor_divide.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryDivFloorKernel.cu
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/BinaryDivFloorKernel.cu

5 m.impl("floor_divide_.Scalar",
6  TORCH_FN(wrapper_CompositeExplicitAutograd_Scalar_floor_divide_));

7£ aten/src/ATen/native/BinaryOps.cpp A redispatch %l floor_divide

ARIEIR

1 Tensor floor_divide(const Tensor& self, const Scalar& other) {

2 return at::floor_divide(self, wrapped_scalar_tensor(other));

3}

4

5 Tensor& floor_divide_(Tensor& self, const Scalar& other) {

6 return at::floor_divide_out(self, self, wrapped_scalar_tensor(other));
7}

B &4 floor_divide JEME div_floor_stub

AR

1 import torch

2

3 a = torch.tensor([5, 6, 7, 8])

4 b = torch.tensor([2, 2, 3, 3])

5

6 # KESKEEF

7T # BEHRH

8 result = torch.floor_divide(a, b)

9 print(result) # tensor([2, 3, 2, 2])

10

11  # @BHEGEEF

12 result =a // b

13 print(result) # tensor([2, 3, 2, 2])
14

15 # KERZE

16 result = a.floor_divide(b)

17 print(result) # tensor([2, 3, 2, 2])
18

19 a = torch.tensor([5, 6, 7, 8])

20

21 # KESHEELF

22 # EEERE

23  result = torch.floor_divide(a, 2)

24 print(result) # tensor([2, 3, 3, 4])
25

26 # EFAEERT

27 result = a // 2



28 print(result) # tensor([2, 3, 3, 4])
29
30 # WhEBEAY
31 result = torch.floor_divide(2, a)
32 print(result) # tensor([0, 0, 0, 0]) # [FHA 2/5, 2/6 F&/F1, A TEREHNO
33
34 # S
35 a = torch.tensor([[5, 6], [7, 8]])
36 b = torch.tensor([2, 3])
37
38 result = a // b
39  print(result)
40 # tensor([[2, 2],
41 # E25%277)
42
43 #HIRIEHHEZR AT, FRTFRH:
44  a = torch.tensor([5.0, 6.0, 7.0])
45 b = torch.tensor([2.0, 2.0, 2.0])
46
a7 # ZEfRE
48 div_result = a / b
49 print(div_result) # tensor([2.5000, 3.0000, 3.5000])
50
51 # B
52 floor_div_result = a // b
53 print(floor_div_result) # tensor([2., 3., 3.])
54
55 # FHF
56  floor_div_alternative = torch.floor(a / b)
57  print(floor_div_alternative) # tensor(/2., 3., 3.])
Function %0
AR
1 JA*k
2 * @brief Performs element-wise floor division (a // b)
3 *
4 * @param dev Device handle for CUDA/CPU device management
5 * @param out Output tensor to store the result
6 * @param self Dividend tensor (left operand)
7 * @param other Divisor tensor or scalar (right operand)
8 * @param out_sizes Output tensor sizes
9 * @param out_strides Output tensor strides (can be non-contiguous)
10 * @param self_sizes Dividend tensor sizes
11 * @param self_strides Dividend tensor strides (can be non-contiguous)
12 * @param other_sizes Divisor tensor sizes (nullptr if scalar)



13
14
15
16
17
18
1S
20
21
22
23
24
25
26
27
28
29
30

31
32
33
34
B5
36
37
38
29
40
41
42

43
44
45
46
47
48
49
50
51
52
53

*

*

@param
@param
@param
@param
@param
@param
@param

@note

@note

other_strides

out_ndims

self_ndims

other_ndi

self_dtyp

other_dtype

Divisor tensor strides (can be non-contiguous)

Number of output tensor dimensions

Number of dividend tensor dimensions

ms Number of divisor tensor dimensions

e Data type of dividend tensor

Data type of divisor tensor

is_other_scalar Whether other is a scalar

Memory Layout:

- Fully supports non-contiguous tensors

- Handles arbitrary strides efficiently

- Optimized for both contiguous and non-contiguous cases

Behavior:

- Performs division followed by floor operation

- Handles type promotion according to PyTorch rules

Properly handles division by zero according to IEEE standards

- For 1integer 1inputs, returns integer floor division (equivalent to
Python //)
*/

void floor_divide_kernel(

SiDeviceHandle *dev,

void *out,

const
const
const
const
const
const
const
const

scalar)

)5

void *sel
void *oth
int64_tx*
int64_tx
int64_tx
inte4_tx
int64_tx*
int64_tx

int out_ndims,

int self_ndims,

f,

er,

out_sizes,
out_strides,
self_sizes,
self_strides,
other_sizes,
other_strides,

int other_ndims,

int self_dtype,

int other_dtype,

bool 7s_other_scalar

ZRFRVEIEEEY
B uint8, int8, 1intlé, int32, int64
FaR: floatle (half), bfloatle, float32, float64

B MRS FF & 5 EA

// Device handle

// Output tensor data pointer

// Dividend tensor data pointer

// Divisor tensor/scalar data pointer

// Output sizes

// Output strides

// Dividend tensor sizes

// Dividend tensor strides

// Divisor tensor sizes (nullptr if scalar)
// Divisor tensor strides (nullptr if

// Number of output dimensions
// Number of dividend dimensions
// Number of divisor dimensions
// Data type of dividend

// Data type of divisor

// Whether divisor is a scalar



(1) #EIHErL, PRFEXFING32XEE, NRBABIEEE NiInt64, HIEZRHITiNt64->int324%
2

(2) B&En (BAN2) BEXL#Ftensor5scalarffFfzzt
(3) WMHE#WE (A1) Bshape—E

(4) wNRFREtensor, AR S WIFEshapefiBE (WIARE, M EEZLIE#HTT
broadcast) , fflelementwiseffix

(5) XIFFRRH: 2RIZFEARVV Core, TXITFFRE
(6) NS, HBERHITINIE (reshapey—4k)

AEREOIERR
ARIENS
1
2
3
4
5
6
7
8 template <typename T>
9 void floor_div(void *d_in®, void *d_inl, void *d_out, int dim@_size, bool

is_d_inl_scalar);

ISSUE
O 3E contiguous MR EREX R (MIRIFFEEX Function #&0)

O pytorch H{#/H T TensorlteratorBase f%i& self, other, out, FZ&3F contiguous
S

O %782 broadcast BIIR, out 7 self ) size/stride FHEF—HAINR, BB
(J Memory @G EE Align, Align F|%/L

repeat_interleave.self_Tensor, repeat_interleave.self_int

SEER
BEHY: https://pytorch.org/docs/stable/generated/torch.repeat_interleave.html

.—-—.

repeat_interleave @B LT/ op £

is_conj, conj, is_neg, _neg_view, flatten, reshape, expand_symint, index_select, unsqueeze,
clone


https://pytorch.org/docs/stable/generated/torch.repeat_interleave.html

KR ArETEEEHFEILE

2  >>> x = torch.tensor([1, 2, 3])

3  >>> repeated = torch.repeat_interleave(x, repeats=3)

4 >>> repeated

5 tensor([1l, 1, 1, 2, 2, 2, 3, 3, 3])

6

T # IEEREEE

8 >>> x = torch.tensor([[1, 2], [3, 4]1])

9  >>> repeated_rows = torch.repeat_interleave(x, repeats=2, dim=0)
10 >>> repeated_rows

11 tensor([[1, 2],

12 [1, 21,

13 [3, 4],

14 [3, 411)

15 >>> repeated_cols = torch.repeat_interleave(x, repeats=3, dim=1)
16 >>> repeated_cols

17 tensor([[1, 1, 1, 2, 2, 2],

18 [3, 3, 3, 4, 4, 4]])

19

20 # BT ITEEEFEXE

21 >>> x = torch.tensor([1, 2, 3])

22 >>> repeats = torch.tensor([1, 2, 3])

23 >>> repeated = torch.repeat_interleave(x, repeats)

24 >>> repeated

25  tensor([1, 2, 2, 3, 3, 3])

26

27 # EZHKELEFATENEELRE

28 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6]])

29 >>> row_repeats = torch.tensor([1, 3]) # F—1TELEIXR, F_1TELE3X
30 >>> repeated_rows = torch.repeat_interleave(x, row_repeats, dim=0)
31  >>> repeated_rows

32  tensor([[1, 2, 3],

33 [4, 5, 6],

34 [4, 5, 6],

35 [4, 5, 6]]1)

=2

o N oo b~ WN R

// repeat_interleave.self_Tensor
Tensor repeat_interleave_symint(
const Tensor& self,
const Tensor& repeats,
std: :optional<int64_t> dim,
std: :optional<SymInt> output_size) {

Tensor input = self;



10
11
12
13
14
15
16
17
18
1S
20
21
22
23
24
25
26

27
28
29
30

31

32
33
34
35
36
37
38

39
40
41
42
43
44
45
46
47
48
49
50
51

// Store conj and neg bits
const auto conj = input.is_conj();
if (conj) {

input = dnput.conj();
}
const auto neg = input.is_neg();
if (neg) {

input = input._neg_view();

if (!dim) {
input = dnput.flatten();
dim = 0;

Tensor repeats_ = repeats;

if (repeats.dim() == || (repeats.dim() == 1 && repeats.sym_size(0) == 1)) {

repeats_ =
repeats.reshape({1}) .expand_symint({input.sym_size(dim.value())});
} else if (repeats.dim() == 1) {
TORCH_CHECK(
repeats.sym_size(0) == dinput.sym_size(dim.value()),
"repeats must have the same size as input along dim, but got
repeats.size(0) = ",
repeats.sym_size(0), " and input.size(", dim.value(), ") = ",
input.sym_size(dim.value())
)3
} else {
AT_ERROR("repeats must be 0-dim or 1-dim tensor");

auto ret = 1dnput.index_select(
dim.value(), at::repeat_interleave_symint(repeats_,
std: :move (output_size)));

// Restore conj and neg bits
if (conj) {

ret = ret.conj();
}
if (neg) {

ret = ret._neg_view();
}

return ret;

// repeat_interleave.self_int
Tensor repeat_interleave_symint(
const Tensor& self,



52 cl0::SymInt repeats,

53 std::optional<int64_t> dim_opt,

54 std: :optional<SymInt> output_size) {

55 Tensor input = dim_opt ? self : self.flatten();

56 int64_t dim = cl10::maybe_wrap_dim(dim_opt.value_or(0), self.dim());

57 TORCH_CHECK(repeats >= 0, "Repeats must be non-negative");

58

59 input = input.unsqueeze(dim + 1);

60 auto expand_shape = 1dnput.sym_sizes().vec();

61 expand_shape[dim + 1] = repeats;

62 input = input.expand_symint(expand_shape) ;

63

64 // This argument doesn't really make sense for the scalar overload, but
exists

65 // for consistency with the tensor overload

66 if (output_size) {

67 auto calculated_size = (repeats * expand_shape[dim]).guard_int(__FILE__,
__LINE__);

68 TORCH_CHECK (*output_size == calculated_size, "repeat_interleave: Invalid
output_size, expected ",

69 calculated_size, " but got ", xoutput_size);

70 1

71

72 return input.clone(at::MemoryFormat::Contiguous).flatten(dim, dim + 1);

73}

74

addmyv, addmv.out, addmv_

S2EEFR

pytorchE5X#4: https://pytorch.org/docs/stable/generated/torch.addmv.html

Addmv i&@iZcuda cublasiygemviEEl, &% cublasXiy
https://docs.nvidia.com/cuda/cublas/#cublas-t-gemv

BRME:
https://github.com/pytorch/pytorch/blob/164d2c887b45ec2673b9bbc08e457bfab0aleb3c/aten/
src/ATen/native/cuda/Blas.cpp#L839

HAETIR

1 >>> dinput = torch.tensor([1l, 2, 3], dtype=torch.float)
2  >>> mat = torch.tensor([[2, 3, 4], [5, 6, 7], [8, 9, 10]], dtype=torch.float)
3  >>> vec = torch.tensor([1, 2, 3], dtype=torch.float)


https://pytorch.org/docs/stable/generated/torch.addmv.html
https://docs.nvidia.com/cuda/cublas/#cublas-t-gemv
https://github.com/pytorch/pytorch/blob/164d2c887b45ec2673b9bbc08e457bfab0a1eb3c/aten/src/ATen/native/cuda/Blas.cpp#L839
https://github.com/pytorch/pytorch/blob/164d2c887b45ec2673b9bbc08e457bfab0a1eb3c/aten/src/ATen/native/cuda/Blas.cpp#L839

torch.addmv (input, mat, vec)

torch.addmv (input, mat, vec, beta=2, alpha=3)

2 % dnput + 3 x (mat @ vec)

* @brief Performs matrix-vector multiplication with scaling and addition

Device handle for CUDA device management

Output tensor to store the result

Input vector to be scaled by beta

Input matrix for matrix-vector multiplication
Input vector for matrix—vector multiplication
Scalar multiplier for self

Scalar multiplier for the matrix-vector product
Output tensor sizes

Output tensor strides (can be non-contiguous)
Input vector sizes

Input vector strides (can be non-contiguous)
Matrix tensor sizes
Matrix tensor strides (can be non-contiguous)
Vector tensor sizes
Vector tensor strides (can be non-contiguous)
Number of output tensor dimensions

Number of input vector dimensions

Number of matrix tensor dimensions

Number of vector tensor dimensions

Data type of input vector

Data type of matrix tensor

Data type of vector tensor

- Fully supports non-contiguous tensors

4 >>> result =
5 >>> result
6 tensor([21., 40., 59.])
7  >>> result =
8 >>> result
9 tensor([ 62., 118., 174.])
10 >>> manual = input + mat @ vec
11 >>> manual
12 tensor([21., 40., 59.])
13 >>> manual2
14  >>> manual2
15 tensor([ 62., 118., 174.])
Function &0

ISR

Jx*
2

(addmv operation)
3 *
4 * @param dev
5 * @param out
6 * @param self
7 * (@param mat
8 * (@param vec
9 * @param beta
10 * @param alpha
11 * @param out_sizes
12 * @param out_strides
13 * @param self_sizes
14 * @param self_strides
15 * @param mat_sizes
16 * @param mat_strides
17 * @param vec_sizes
18 * @param vec_strides
19 * @param out_ndims
20 * @param self_ndims
21 * @param mat_ndims
22 * @param vec_ndims
23 * @param self_dtype
24 * @param mat_dtype
25 * @param vec_dtype
26 *
27 * @note Memory Layout:
28 *
29 *

- Optimized for different matrix layouts:



30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

ISSUE

*

*

@note

*/
template <typename T>

- Row-major: Uses direct gemv with 'n' mode

- Column-major: Uses transposed gemv with 't' mode

- Handles arbitrary strides efficiently

Behavior:

- Computes: out = beta * self + alpha * (mat @ vec)

- If mat is empty, either zeroes out or computes beta * self

- Handles type promotion according to PyTorch rules

- For vectors with stride 0, creates contiguous copies

void addmv_cuda_kernel(

)5

SiDeviceHandle xdev,

void *out,

const
const
const
const
const
const
const
const
const
const
const
const
const
int
int
int
int
int
int

int

void *self,

void *mat,

void *vec,

T& beta,

T& alpha,

int64_tx
inte4_tx
int64_tx
int64_tx
int64_tx*
int6e4_tx
int64_tx*
int64_tx

out_ndims,
self_ndims,
mat_ndims,
vec_ndims,
self_dtype,
mat_dtype,
vec_dtype

SPFRIERESRE

FR:

b=k Eith
S it

out_sizes,
out_strides,
self_sizes,
self_strides,
mat_sizes,
mat_strides,
vec_sizes,
vec_strides,

float, double
complex<float>, complex<double>
Half, BFloatl6

// Device
// Output

handle

tensor data pointer

// Input vector data pointer

// Matrix
// Vector
// Scalar
// Scalar
// Output
// Output

tensor data pointer
tensor data pointer
multiplier for self
multiplier for mat @ vec
sizes

strides

// Input vector sizes

// Input vector strides

// Matrix
// Matrix
// Vector
// Vector
// Number
// Number
// Number
// Number

tensor sizes

tensor strides

tensor sizes

tensor strides

of output dimensions

of input vector dimensions
of matrix dimensions

of vector dimensions

// Data type of input vector

// Data type of matrix

// Data type of vector

O cuda®IEIMZHFiEcontiguoustai N, WZFFITME/FIAFEER



conj_physical.out

SEER

pytorchE /53XX#4: https://pytorch.org/docs/stable/generated/torch.conj_physical.html
SEI:
https://github.com/pytorch/pytorch/blob/836955bdbdeb299e6937065299564fb44ec422c2/aten/
src/ATen/native/cuda/UnaryComplexKernels.cu#L66

HAEDIR

1 conj_physical & PyTorch FRATFRIEBEESHIKENRLE, BRE—MHNKE, HPESI EHTE
HWERAEEIE (conjugate)

2 XFEHLE (KComplexkloat. kComplexbouble. kComplexHalf) , #{TELEAYLITIRIE

3 XFFAEHMER (B, 28 ARE) , ITEEEHIRE (no-op)

4

5 >>> x = torch.tensor([1+2j, 3-4j, 5+0j])

6 >>> y = torch.conj_physical(x)

7 >>> X

8 tensor([l1.+2.j, 3.-4.j, 5.+0.3])

9 >>> vy

10 tensor([1.-2.j, 3.+4.j, 5.-0.j])
Function &0

(ASERS

1 Jx*

2 * @brief Computes the complex conjugate of each element in the input tensor

3 *

4 * @param dev Device handle for CUDA device management

5 * @param out Output tensor to store the result

6 * @param self Input tensor

7 * @param out_sizes Output tensor sizes

8 * @param out_strides Output tensor strides (can be non-contiguous)

9 * @param self_sizes Input tensor sizes

10 * @param self_strides Input tensor strides (can be non-contiguous)

11 * @param out_ndims Number of output tensor dimensions

12 * @param self_ndims Number of input tensor dimensions

13 * @param out_dtype Data type of output tensor

14 * @param self_dtype Data type of 1input tensor

15 *

16 * @note Memory Layout:

17 * - Fully supports non-contiguous tensors

18 * - Handles arbitrary strides efficiently

19 * - Optimized for both contiguous and non-contiguous cases


https://pytorch.org/docs/stable/generated/torch.conj_physical.html
https://github.com/pytorch/pytorch/blob/836955bdbdeb299e6937065299564fb44ec422c2/aten/src/ATen/native/cuda/UnaryComplexKernels.cu#L66
https://github.com/pytorch/pytorch/blob/836955bdbdeb299e6937065299564fb44ec422c2/aten/src/ATen/native/cuda/UnaryComplexKernels.cu#L66
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* @note Behavior:

* - For complex types: returns the complex conjugate (a-bi for a+bi)
* - For non-complex types: performs a direct copy (no-op)

* - Preserves NaN values

* - Supports complex64, complex128, and complex half types

* - For boolean and real types, performs a direct copy

* @note Performance:

* - Uses JIT compilation when available for optimal performance

* - Falls back to explicit kernel implementation when JIT is unavailable
* - Optimized for parallel execution on CUDA devices

*/

template <typename T>

void conj_kernel_cuda(
SiDeviceHandle x*dev,
void *out,
const void *self,
const int64_t*x out_sizes,
const int64_tx out_strides,
const int64_tx self_sizes,
const int64_tx self_strides,
int out_ndims,
int self_ndims,
int out_dtype,
int self_dtype

)3

EFRVEIEREY
kByte (uint8_t)
kChar (int8_t)
kShort (intl6_t)
kInt (int32_t)
kLong (int64_t)
TSRS it
kFloat (float)
kDouble (double)
kHalf (at::Half)
kBFloatl6 (at::BFloatl6)
HRAER:

kBool (bool)

=k &t

MUETRE, AR NRBETRKRAR

// Device handle

// Output tensor data pointer
// Input tensor data pointer
// Output sizes

// Output strides

// Input tensor sizes

// Input tensor strides

// Number of output dimensions
// Number of input dimensions
// Data type of output

// Data type of input

6AMIEHERE, HRMIRETRBAR

Conptexiat (EIBTHEOMBIEHBEITNETE)



67 16fUEEEE, AR MFHBEZRBAN

68

ISSUE

O cudamdri@id TensorlteratorBaseRZ @AM L, Z#HFiEcontiguous

@

dot

2EiER

pytorch#Z#l: https://pytorch.org/docs/stable/generated/torch.dot.html
cudaBISEIERAIRcublas, £&%&#K: https://docs.nvidia.com/cuda/cublas/#cublas-t-dot

Computes the dot product of two 1D tensors.

Function 0

(GRS

Viz:
* @brief

@param
* (@param
* (@param
* (@param

© 0o N oo 0 b W N B
N

* @param

Computes the dot

dev
out
self
other

self_sizes

product of two 1-D vectors

Device handle for CUDA device management

Output tensor to store the result (scalar)

First input vector

Second input vector

First vector sizes

Second vector sizes

First vector strides (can be non-contiguous)
Second vector strides (can be non-contiguous)
Number of dimensions in first vector (should be 1)
Number of dimensions in second vector (should be 1)
Data type of first vector

Data type of second vector

- Supports non-contiguous vectors with arbitrary strides

- For vectors of size 1, strides are treated as 1 regardless of

- Optimized for both contiguous and non-contiguous cases

10 * @param other_sizes
11 * @param self_strides
4.2 * @param other_strides
13 * @param self_ndims
14 * @param other_ndims
15 * @param self_dtype
16 * @param other_dtype
17 *
18 * @note Memory Layout:
19 *
20 *

actual value
21 *
22 *
23 * @note Behavior:
24 *

—- Computes sum(self[i] * other[i]) for all i


https://pytorch.org/docs/stable/generated/torch.dot.html
https://docs.nvidia.com/cuda/cublas/#cublas-t-dot
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*

- For complex types, performs standard complex multiplication (not

conjugated)

*

*

*
applied:

*

- Returns a scalar tensor of the same type as inputs

- If either input is a zero tensor, returns an efficient zero tensor

- For complex 1inputs with conjugation flags, special handling is

- If self is conjugated but other is not: equivalent to

vdot(self.conj(), other)

*

*

- If other is conjugated but self is not: equivalent to
vdot (other.conj(), self)

- If both are conjugated: equivalent to dot(self.conj(),

other.conj()).conj()

*

* @note Requirements:

*

*

*

- Both vectors must have the same number of elements

- Both vectors must have the same data type
- Number of elements must be < INT_MAX
- Strides must be < INT_MAX

* @note Performance:

*

*

74

- Uses cuBLAS dot/dotc functions for optimal performance

- Sets cuBLAS pointer mode to DEVICE for direct output to tensor

template <typename T>

void dot_cuda_kernel(

SiDeviceHandle *dev,

void *out,

const
const
const
const
const
const

void *self,

void *other,

int64_t
int64_t
int64_t
int64_t

self_sizes,
other_sizes,
self_strides,

other_strides,

int self_dtype,
int other_dtype,
bool self_is_conj,
bool other_is_conj

)5

S HUBIERL
PR

(BRBEFRE)
(BB T )

FIRERE:

(16N HHEEF R
(L6 Z =30)

b=k EJith

// Device handle

// Output tensor data pointer (scalar)
// First vector data pointer

// Second vector data pointer

// First vector sizes

// Second vector sizes

// First vector strides

// Second vector strides

// Data type of first vector

// Data type of second vector

// Whether first vector is conjugated

// Whether second vector is conjugated



67 complex<float> (£, LIMEIEEEBETRE)
68 complex<double> (E#1, L EIEENEEZ=REN)

ISSUE
O X#FIFRESRE, FERRBEDK

replication_pad1ld, replication_padld.out

S2EEFR

pytorch3X#%: https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad1d.html
SEIM
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723ch3bb05b9c88432c25c¢/aten/
src/ATen/native/cuda/ReplicationPadding.cu#L419

RIIR

1 import torch

2 import torch.nn as nn

3

4  # BIBE—THINKE

5 dnput = torch.tensor([[[1, 2, 3, 4, 5]]], dtype=torch.float)
6

7  # BIE—1 ReplicationPadld &

8 pad_layer = nn.ReplicationPadld(2) #%Z 7 Ipad 2 T

9

10 # [WfHER

11  output = pad_layer (input)

12 print(output)

13 # #Hi: tensor([[[1, 1, 1, 2, 3, 4, 5, 5, 5]]])

14

15 pad_layer = nn.ReplicationPadld(1,2) # Zflpad 1 &Ml pad 2
16 # [fHE7

17  output = pad_layer (input)

18 print(output)

19 # ¥H4: tensor([[[1., 1., 2., 3., 4., 5., 5., 5.77])

20

2ls

22 m = nn.ReplicationPadld(2)

23 dnput = torch.arange(8, dtype=torch.float).reshape(l, 2, 4)
24 # tensor([[[6., 1., 2., 3.], [4., 5., 6., 7.7]])
25 m(input)

26 # tensor([[[6., 0., 0., 1., 2., 3., 3., 3.],

27 # [4., 4., 4., 5., 6., 7., 7., 7.71])

28

29 # using different paddings for different sides


https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad1d.html
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L419
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L419

300 m = nn.ReplicationPadld((3, 1))
31 m(input)
32 # tensor([[[6., 0., 0., 0., 1., 2., 3., 3.],

33 # [4., 4., 4., 4., 5., 6., 7., 7.7]])
Function &0
(ASERS
1 Jx*
2 * @brief Performs 1D replication padding on input tensor
3 *
4 * @param dev Device handle for CUDA device management
5 * @param out Output tensor to store the result
6 * @param 7Tnput Input tensor to be padded
7 * @param padLl Number of padding elements on the left side
8 * @param padR Number of padding elements on the right side
9 * @param out_sizes Output tensor sizes
10 * @param out_strides Output tensor strides (can be non-contiguous)
11 * @param input_sizes Input tensor sizes
12 * @param 7nput_strides Input tensor strides (can be non-contiguous)
13 * @param out_ndims Number of dimensions in output tensor
14 * @param 7Tnput_ndims Number of dimensions in input tensor
15 * @param 7input_dtype Data type of input tensor
16 *
17 * @note Memory Layout:
18 * - Supports non-contiguous tensors with arbitrary strides
19 * - Handles both 2D (C, W) and 3D (N, C, W) input formats
20 * - For 2D inputs, the operation is applied to each channel
independently
21 *
22 * @note Behavior:
23 * - Pads by replicating the edge values of the input tensor
24 * - For example, with input [1, 2, 3] and padding (2, 1):
25 * Output will be [1, 1, 1, 2, 3, 3]
26 * - Supports all data types including floating point, integer, and
complex types
27 *
28 * @note Performance:
29 * - Uses CUDA kernel with block size optimization for different tensor
sizes
30 * - Processes tensors in chunks to handle large batch sizes efficiently
31 * - Automatically handles tensor dimensions > 65535 by splitting into

multiple kernel launches
32 x/
33  template <typename T>
34 void replication_padld_out_kernel(



35 SiDeviceHandle xdev, // Device handle

36 void *out, // Output tensor data pointer
37 const void *input, // Input tensor data pointer
38 int64_t padlL, // Left padding size

39 int64_t padR, // Right padding size

40 const int64_tx out_sizes, // Output sizes

41 const int64_t* out_strides, // Output strides

42 const int64_t* input_sizes, // Input tensor sizes

43 const int64_t*x input_strides, // Input tensor strides

44 int out_ndims, // Number of output dimensions
45 int dinput_ndims, // Number of input dimensions
46 int dinput_dtype // Data type of input

47 )

48

49  HFEO:

50 template <typename T>
51 void replication_pad_out_kernel(

52 const sikernel::Tensor<T>& self,
53 sikernel: :Tensor<T>& out,

54 const void* padding,

55 int padding_arr_size,

56 );

57

58 RIFHUEAEEL:

59  EEERIEA: uint8_t, int8_t, intl6_t, int32_t, int64_t
60 FmEA: float, double

61 HFEELER: Half (kHalf), BFloatlé (kBFloatl6)

62 EEIHEE: complex<float>, complex<double>

ISSUE
O %#%F3kEcontiguous, [EATZIF2D,3DMAN
) cudafyLIiE T o RAMERE T CUDA MIEPRESI (65535) HIABIKE

replication_pad2d, replication_pad2d.out

BEER
pytorchX#4: https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad2d.html

SEL:
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723ch3bb05b9c88432c25c¢/aten/
src/ATen/native/cuda/ReplicationPadding.cu#L534

(GRS

1 >>> m = nn.ReplicationPad2d(2)


https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad2d.html
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L534
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L534

2 >>> dnput = torch.arange(9, dtype=torch.float).reshape(1, 1, 3, 3)
3  >>> dnput

4  tensor([[[[0., 1., 2.7,

5 [3., 4., 5.],

6 [6., 7., 8.1111)

7  >>> m(input)

8 tensor([[[[®., 0., ., 1., 2., 2., 2.],

9 [0., 0., 0., 1., 2., 2., 2.1,

10 [0., 0., 0., 1., 2., 2., 2.1,

11 [3., 3., 3., 4., 5., 5., 5.7,

12 (6., 6., 6., 7., 8., 8., 8.1,

13 (6., 6., 6., 7., 8., 8., 8.1,

14 [6., 6., 6., 7., 8., 8., 8.1111)

15

16 >>> m = nn.ReplicationPad2d((1, 1, 2, 0)) # (padding_lef, padding_right,

padding_top, padding_bottom)
17  >>> m(input)

18 tensor([[[[®., 0., 1., 2., 2.],

19 [0., 0., 1., 2., 2.7,
20 [0., 0., 1., 2., 2.7,
21 [3., 3., 4., 5., 5.1,
22 [615 610y Tanssr8l . SLANNF)
23 >>>

Function &0

(ARERS

1 Jx*

2 * @brief Performs 2D replication padding on input tensor

3 *

4 * @param dev Device handle for CUDA device management

5 * @param out Output tensor to store the result

6 * @param 7input Input tensor to be padded

7 * @param padLl Number of padding elements on the left side
8 * @param padR Number of padding elements on the right side
9 * @param padT Number of padding elements on the top side
10 * @param padB Number of padding elements on the bottom side
11 * @param out_sizes Output tensor sizes
12 * @param out_strides Output tensor strides (can be non-contiguous)
13 * @param 7Tnput_sizes Input tensor sizes
14 * @param 7Tnput_strides Input tensor strides (can be non-contiguous)
15 * @param out_ndims Number of dimensions in output tensor
16 * @param 7Tnput_ndims Number of dimensions in input tensor
17 * @param 7nput_dtype Data type of input tensor
18 *
19 * @note Memory Layout:
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ISSUE

* - Supports non-contiguous tensors with arbitrary strides

* - Handles both 3D (C, H, W) and 4D (N, C, H, W) input formats
* - For 3D inputs, the operation is applied to each channel
independently

*

* @note Behavior:

* - Pads by replicating the edge values of the input tensor

* - For example, with a 3x3 input and padding (1,1,1,1), the corner
values

* are replicated diagonally and edge values are replicated outward

* - Supports all data types including floating point, integer, and

complex types

*

* @note Performance:

* - Uses CUDA kernel with block size optimization for different tensor
sizes

* - Processes tensors in chunks to handle large batch sizes efficiently

* - Automatically handles tensor dimensions > 65535 by splitting into

multiple kernel launches
* - Optimized for both small and large padding sizes

*

* @note Requirements:

* - Input tensor must fit into 32-bit index math

* - Output tensor must have correct size: [N, C, H+padT+padB,
W+padL+padR]

*/

Mreplication_padldiZE—#F

template <typename T>

void replication_pad_out_kernel(
const sikernel::Tensor<T>& self,
sikernel: :Tensor<T>& out,
const voidx padding,
int padding_arr_size,

)5

() &#F3Econtiguous, [EBTZ$E3D,4DMIN
O cudafyI@id 5 SR IB#BT CUDA MIt&FR4I (65535) HIABIKE

O cudaysLIEHHEWpadR, padB, MEiEEpadlMpadTitHE HIRGEHIERIEEILAIEH1T
1878, ARBRIEoutputlI R/, FEpaddingdfn EEREHRIENNFE

replication_pad3d, replication_pad3d.out

SEER



pytorch3Z#4: https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad3d.html

SEZLI:
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723ch3bb05b9c88432c25c¢/aten/
src/ATen/native/cuda/ReplicationPadding.cu#L602

AT ER

1 >>> m = nn.ReplicationPad3d(1)

2 >>> dnput = torch.randn(2, 2, 2, 2, 2)

3 >>> output = m(input)

4 >>> dnput

5 tensor ([[[[[ ©.1190, -2.7971],

6 [ 0.3847, -0.9118]],

7

8 [[ 0.7726, -0.1665],

9 [-0.2704, -0.9113]]7,

10

11

12 [[[-0.1435, -2.3199],

13 [-0.3886, 0.3390]],

14

15 [[-1.7399, 0.3719],

16 [ 1.6875, 0.3726]]117,

17

18

19
20 [[[[ 0.1996, -0.6908],
21 [-0.3071, -1.2073]],
22
23 [[ 1.0142, -0.7493],
24 [ 1.9937, -0.4326]17,
25
26
27 [[[ 0.4510, -0.8870]7,
28 [ ©0.7344, -1.1570]],
29
30 [[-0.7517, 0.7564],
31 [-0.1884, -0.0280]]1111)
32 >>> output
33 tensor ([[[[[ ©.1190, ©0.1190, -2.7971, -2.7971],
34 [ 6.1190, ©0.1190, -2.7971, -2.7971],
35 [ 0.3847, 0.3847, -0.9118, -0.9118],
36 [ 0.3847, 0.3847, -0.9118, -0.9118]],
37
38 [[ ©.1190, 0.1190, -2.7971, -2.7971],


https://pytorch.org/docs/stable/generated/torch.nn.ReplicationPad3d.html
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L602
https://github.com/pytorch/pytorch/blob/2e7c9d33e7f933ac3b723cb3bb05b9c88432c25c/aten/src/ATen/native/cuda/ReplicationPadding.cu#L602
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[[ o.
[ o.
[-0.
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[[ e.
[ o.
[-0.
[-0.

[[[-o.
[-0.
[-0.
[-0.

[[-0.
[-0.
[-0.
[-0.

L S = =

N

[LLL o.
[ o.
=0,
[-0.

[[ 0.
[ O.
[=0).
[-0.

0.1190, ©.1190,
0.3847, 0.3847,
0.3847, 0.3847,

7726, 0.7726,
7726, 0.7726,
2704, -0.2704,
2704, -0.2704,

7726, 0.7726,
7726, 0.7726,
2704, -0.2704,
2704, -0.2704,

1435, -0.1435,
1435, -0.1435,
3886, -0.3886,
3886, -0.3886,

1435, -0.1435,
1435, -0.1435,
3886, -0.3886,
3886, -0.3886,

.7399, -1.7399,
.7399, -1.7399,
.6875, 1.6875,
.6875, 1.6875,

.7399, -1.7399,
.7399, -1.7399,
.6875, 1.6875,
.6875, 1.6875,

1996, 0.1996,
1996, 0.1996,
3071, -0.3071,
3071, -0.3071,

1996, 0.1996,
1996, 0.1996,
3071, -0.3071,
3071, -0.3071,

-2.7971,
-0.9118,
-0.9118,

-0.1665,
-0.1665,
-0.9113,
-0.9113,

-0.1665,
-0.1665,
-0.9113,
-0.9113,

-2.3199,
-2.3199,
0.3390,
0.3390,

-2.3199,
-2.3199,
0.3390,
0.3390,

0.3719,
0.3719,
0.3726,
0.3726,

0.3719,
0.3719,
0.3726,
0.3726,

-0.6908,
-0.6908,
-1.2073,
-1.2073,

-0.6908,
-0.6908,
-1.2073,
-1.2073,

=20
-0.
-0.

-0

-0

-0.
-0.
-0.
-0.

-2
-2
0

7971],
9118],
9118]1,

.16657,
-0.
.91137,
-0.

16657,

9113]],

16657,
16657,
9113],
9113]]]

-

.31997,
.31997,
.33907,

0.3390]7,

=20
F 255
0.
0.

© © © ©

© O © O

3199],
3199],
3390],
339011,

.37197,
.3719],
.37267,
.372617,

.37197,
.37197,
.37267,
.37261111,

.69087,
.69087,
.2073],
.207317,

.69087,
.69087,
.20737,
.207311,



86 [[ 1.0142, 1.0142, -0.7493, -0.7493],
87 [ 1.0142, 1.0142, -0.7493, -0.7493],
88 [ 1.9937, 1.9937, -0.4326, -0.4326],
89 [ 1.9937, 1.9937, -0.4326, -0.4326]],
90
91 [[ 1.0142, 1.0142, -0.7493, -0.7493],
92 [ 1.0142, 1.0142, -0.7493, -0.7493],
93 [ 1.9937, 1.9937, -0.4326, -0.4326],
94 [ 1.9937, 1.9937, -0.4326, -0.4326]]],
95
9
97 [[[ 0.4510, 0.4510, -0.8870, -0.8870],
98 [ 0.4510, 0.4510, -0.8870, -0.8870],
99 [ 0.7344, 0.7344, -1.1570, -1.1570],
100 [ 0.7344, 0.7344, -1.1570, -1.1570]],
101
102 [[ 0.4510, 0.4510, -0.8870, -0.8870],
103 [ 0.4510, 0.4510, -0.8870, -0.8870],
104 [ 0.7344, 0.7344, -1.1570, -1.1570],
105 [ 0.7344, 0.7344, -1.1570, -1.1570]],
106
107 [[-0.7517, -0.7517, 0.7564, 0.7564],
108 [-0.7517, -0.7517, 0.7564, 0.7564],
109 [-0.1884, -0.1884, -0.0280, -0.0280],
110 [-0.1884, -0.1884, -0.0280, -0.0280]],
111
112 [[-0.7517, -0.7517, 0.7564, 0.7564],
113 [-0.7517, -0.7517, 0.7564, 0.7564],
114 [-0.1884, -0.1884, -0.0280, -0.0280],
115 [-0.1884, -0.1884, -0.0280, -0.0280]11111)
116 >>>

Function &0

£Eg

J K
* @brief Performs 3D replication padding on input tensor

*

1

2

3

4 * @param dev Device handle for CUDA device management

5 * @param out Output tensor to store the result

6 * @param input Input tensor to be padded

7 * @param pfront Number of padding elements on the front side
8 * @param pback Number of padding elements on the back side
9 * @param ptop Number of padding elements on the top side
10 * @param pbottom Number of padding elements on the bottom side
11 * @param pleft Number of padding elements on the left side



12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27

28

29

30
31
32

33
34

35
36
37
38
50

40
41
42
43
44
45
46
47
48
49

* (@param
* @param
* (@param
* (@param
* (@param
* @param
* (@param
* (@param

pright
out_sizes
out_strides
input_sizes
input_strides
out_ndims
input_ndims

input_dtype

* @note Memory Layout:

*

*

independently

*

* @note Behavior:

*

three dimensions

*

replicated diagonally

*

complex types

*

* @note Performance:

*
sizes
*

*

multiple kernel launches

*

*

* @note Requirements:

*

*

Number of padding elements on the right side
Output tensor sizes

Output tensor strides (can be non-contiguous)
Input tensor sizes

Input tensor strides (can be non-contiguous)
Number of dimensions in output tensor

Number of dimensions in input tensor

Data type of input tensor

- Supports non-contiguous tensors with arbitrary strides
- Handles both 4D (C, D, H, W) and 5D (N, C, D, H, W) input formats

- For 4D inputs, the operation is applied to each channel

- Pads by replicating the edge values of the input tensor in all

- Edge values are replicated outward, and corner values are

- Supports all data types including floating point, integer, and

- Uses CUDA kernel with block size optimization for different tensor

- Processes tensors in chunks to handle large batch sizes efficiently
- Automatically handles tensor dimensions > 65535 by splitting into

- Optimized for both small and large padding sizes

- Input tensor must fit into 32-bit index math
- Output tensor must have correct size: [N, C, D+pfront+pback,

H+ptop+pbottom, W+pleft+pright]

*

*/

Freplication_pad1diEO—#F

template <typename T>

- At least one of the output dimensions (D, H, W) must be >= 1

void replication_pad_out_kernel(

const sikernel::Tensor<T>& self,

sikernel: :Tensor<T>& out,

const void* padding,
int padding_arr_size,



ISSUE
O %#%F3Econtiguous, [ERTXIF4D, 5DHIN
O cudaBsEIi@d 57 SR IEFB T CUDA MHERRHI (65535) RIAE! k=

O cudaBysEEL&E & W pright, pbottom, pback. TEi@idpleft, ptopFpfrontitBEHER
IREIERRE I B 1TIES, AEBIREoutputdlI R/, fEpaddingEhsn HiZE HI&IERA
RE

reflection_pad1ld, reflection_padld.out

Pytorch XX#4

e https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad1d.html
Pytorch SCI

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.c
u#L430

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.c
u#L96

o tensordim HE NN 25E3:
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L205

e pad_l/pad_r 495 : Padding size should be less than the corresponding input dimension
#O: M4 tensor +pad_l +pad_r

(AN RS

1 Tensor & reflection_padld_out(const Tensor & self, cl0::SymIntArrayRef
padding, Tensor & out); // {"schema": "aten::reflection_padld.out(Tensor self,
SymInt[2] padding, *, Tensor(a!) out) -> Tensor(a!)", "dispatch": "True",
"default": "False'"}

2  Tensor reflection_padld(const Tensor & self, cl10::SymIntArrayRef padding); //
{"schema": "aten::reflection_padld(Tensor self, SymInt[2] padding) -> Tensor",
"dispatch": "True", "default": "True"}

TR

1 m = torch.nn.ReflectionPadld(5)

2 dnput = torch.arange(8, dtype=torch.float).reshape(1, 4, 2)

3 print(input)

4  print(m(input))

5 => RuntimeError: Argument #4: Padding size should be less than the

corresponding input dimension, but got: padding (5, 5) at dimension 2 of input


https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad1d.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L430
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L430
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L96
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L96
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L205

[1, 4, 2]

Function 0

(GRS

1 template <typename T>

2 void reflection_pad_out(const sikernel::Tensor<T>& self, sikernel::Tensor<T>&
out, const void* padding, int padding_arr_size);

reflection_pad2d,reflection_pad2d.out
Pytorch X4

e https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad3d.html
Pytorch SCI

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.c
u#L271

e Tensordim #EHNNN 35 E4:
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L212

e #£95R: Padding size should be less than the corresponding input dimension
#0O: A tensor + padding_left, padding_right, padding_top, padding_bottom
R KEF:

Shape:

* Input: (N, C,H;,, Wﬁ-n] or ((}, H;,, Wm).

s Output: (N, C, H ., th) or (C’, H, i, Wmt) where
H,.; = H;, + padding_top + padding bottom
Wout = Win + padding_left + padding_right

(AN RS

1 Tensor & reflection_pad2d_out(const Tensor & self, cl0::SymIntArrayRef
padding, Tensor & out); // {"schema": "aten::reflection_pad2d.out(Tensor self,
SymInt[4] padding, *, Tensor(a!) out) -> Tensor(a!)", "dispatch": "True",
"default": "False'"}

2  Tensor reflection_pad2d(const Tensor & self, c10::SymIntArrayRef padding); //
{"schema": "aten::reflection_pad2d(Tensor self, SymInt[4] padding) -> Tensor",
"dispatch": "True", "default": "False"}


https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad3d.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L271
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L271
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L212

1" m = torch.nn.ReflectionPad2d(3)

2 dnput = torch.arange(8, dtype=torch.float).reshape(1l, 2, 4)

3  print(input)

4  print(m(input))

5 => RuntimeError: Argument #6: Padding size should be less than the
corresponding input dimension, but got: padding (3, 3) at dimension 1 of input
[1, 2, 4]

Fuction&d

[Elreflection_padld, #OE M.

reflection_pad3d, reflection_pad3d.out

Pytorch X4

e https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad3d.html
Pytorch SEI}

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.c
u#L570

e Tensordim #ENNN 45 E5:
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L219

e #£95R: Padding size should be less than the corresponding input dimension

#0O: & tensor + padding_left, padding_right, padding_top, padding_bottom,
padding_front, padding_back

POIVE
Shape:
® |nput: (N, G, Dm, H@n, W@.n) or (C} Dm, Hm, I/Vm)
® Qutput: (N, C, Dwt} Hout, Wout) or (C, D(mt, Hwt, Wmﬂ), where
Dy = Dj, + padding_front + padding_back
H,.: = H;, + padding_top + padding_bottom
Wout = Win + padding_left + padding_right
RISIR

1 Tensor & reflection_pad3d_out(const Tensor & self, cl0::SymIntArrayRef
padding, Tensor & out); // {"schema": "aten::reflection_pad3d.out(Tensor self,
SymInt[6] padding, *, Tensor(a!) out) -> Tensor(a!)", "dispatch": "True",
"default": "False"}


https://pytorch.org/docs/stable/generated/torch.nn.ReflectionPad3d.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L570
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ReflectionPad.cu#L570
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/PadNd.cpp#L219

2  Tensor reflection_pad3d(const Tensor & self, clO::SymIntArrayRef padding); //
{"schema": "aten::reflection_pad3d(Tensor self, SymInt[6] padding) -> Tensor",
"dispatch": "True", "default": "True"}

(ARERS

1 m = torch.nn.ReflectionPad3d(3)

2 dnput = torch.arange(32, dtype=torch.float).reshape(1, 1, 2, 4, 4)

3 print(input)

4  print(m(input))

5

6  RuntimeError: Argument #8: Padding size should be less than the corresponding
input dimension, but got: padding (3, 3) at dimension 2 of input [1, 1, 2, 4,
4]

Fuction&O

[Elreflection_padld, EOE A,

scatter_.src, scatter.src, scatter.src_out
Pytorch XX#4

e https://pytorch.org/docs/stable/generated/torch.Tensor.scatter_.html#torch.Tensor.scatter_
By &85

Pytorch I}
e 3E deterministic

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKe
rnel.cu#L477

e indexdim #(&5 src #8[E, 18 sizes RFEXH src #8[E, £ pytorch X4

AT IR

1 Tensor scatter(const Tensor & self, int64_t dim, const Tensor & index, const
Tensor & src); // {"schema": "aten::scatter.src(Tensor self, int dim, Tensor
index, Tensor src) -> Tensor", "dispatch": "True", "default": "True"}

2 Tensor & scatter_(Tensor & self, int64_t dim, const Tensor & index, const
Tensor & src); // {"schema": "aten::scatter_.src(Tensor(a!) self, 1int dim,
Tensor index, Tensor src) —-> Tensor(a!)", "dispatch": "True", "default":
"True"}

3 Tensor & scatter_out(const Tensor & self, int64_t dim, const Tensor & qindex,

const Tensor & src, Tensor & out); // {"schema": "aten::scatter.src_out(Tensor


https://pytorch.org/docs/stable/generated/torch.Tensor.scatter_.html#torch.Tensor.scatter_
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L477
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L477

self, int dim, Tensor index, Tensor src, *, Tensor(a!) out) -> Tensor(a!)",
"dispatch": "True", "default": "False"}

0 gather A EPEIR(E

ARIEIR

1 dimport torch

2 self = torch.zeros(3, 3, dtype=torch.int64)
3 src = torch.tensor ([

4 [1, 2, 31,

5 [4, 5, 6],

6 [7, 8, 9]

71

8 1index = torch.tensor ([
9 [0, 2, 1],
10 [1, 0, 2],
11 [2, 1, 0]
12 1)

13 self.scatter_(dim=1, index=index, src=src)
14  new_src = self.gather(dim=1, -index=index)

15 # sSrc == new_src

Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double
e AT_COMPLEX_TYPES: c10::complex<float>, c10::complex<double>

e Half, Bool, BFloatl6: floatl6, bool, bfloatl6

(RS EES

1 AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND3(
at::ScalarType::Half, at::ScalarType::Bool, at::ScalarType::BFloatl6

scatter_.value, scatter.value, scatter.value_out
Pytorch 34

e https://pytorch.org/docs/2.5/generated/torch.Tensor.scatter_.html#torch.Tensor.scatter_ B9
THE72

Pytorch SCI}

e deterministic


https://pytorch.org/docs/2.5/generated/torch.Tensor.scatter_.html#torch.Tensor.scatter_

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKe
rnel.cu#L485

RIGIR

1 Tensor scatter(const Tensor & self, int64_t dim, const Tensor & index, const
Scalar & value); // {"schema": "aten::scatter.value(Tensor self, int dim,
Tensor index, Scalar value) -> Tensor", "dispatch": "True", "default": "True"}

2 Tensor & scatter_(Tensor & self, int64_t dim, const Tensor & index, const

Scalar & value); // {"schema": "aten::scatter_.value(Tensor(a!) self, int dim,
Tensor index, Scalar value) -> Tensor(a!)", "dispatch": "True", "default":
"True"}

3 Tensor & scatter_out(const Tensor & self, int64_t dim, const Tensor & qindex,
const Scalar & value, Tensor & out); // {"schema":
"aten::scatter.value_out(Tensor self, int dim, Tensor index, Scalar value, *,

Tensor(a!) out) -> Tensor(a!)", "dispatch": "True", "default": "False"}

Dtypes

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double
e AT_COMPLEX_TYPES: c10::complex<float>, cl10::complex<double>

e Half, Bool, BFloatl6: floatl6, bool, bfloatlé

HEDIR

1 AT_DISPATCH_ALL_TYPES_AND_COMPLEX_AND3(
at::ScalarType::Half, at::ScalarType::Bool, at::ScalarType::BFloatl6

sum, sum.dim_IntList, sum.IntList_out

SEER
X https://pytorch.org/docs/stable/generated/torch.sum.html

SEI:
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/sr
c/ATen/native/cuda/ReduceSumProdKernel.cu#L173

EAEI sum_stub

(AN RS

import torch

1
2
3 v BEMEE - torch.sum
4  # PIB—TTBIKE


https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L485
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/ScatterGatherKernel.cu#L485
https://pytorch.org/docs/stable/generated/torch.sum.html
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/ReduceSumProdKernel.cu#L173
https://github.com/pytorch/pytorch/blob/32f585d9346e316e554c8d9bf7548af9f62141fc/aten/src/ATen/native/cuda/ReduceSumProdKernel.cu#L173

5 x = torch.tensor([[1, 2, 3], [4, 5, 6]], dtype=torch.float)
6

T # XEPIKEKA

8 total_sum = torch.sum(x)

9  print(f"ENKEMH: {total_sum}") # tensor(21.)

10

11 # BEETEHEERN

12  row_sum = torch.sum(x, dim=0) # AITHMKH (&H717)

13 print(f"{TRMLR: {row_sum}") # tensor([5., 7., 9.])

14

15 col_sum = torch.sum(x, dim=1) # BZEEKM (EHF)

16  print(f"FIRFMLER: {col_sum}") # tensor([6., 15.])

17

18  # f&fHkeepdim=TruelRiFiEZE

19  row_sum_keep = torch.sum(x, dim=0, keepdim=True)

20 print(f"RIFLEERITRM: {row_sum_keep}") # tensor([[5., 7., 9.]])
21 print(f"f24K: {row_sum_keep.shape}") # torch.Size([1, 3])

22

24 # BIB—T3DKE

25 'y = torch.tensor([[[1, 2], [3, 4]],

26 [[5, 61, [7, 8111, dtype=torch.float)

27  print(f"REFR: {y.shape}") # torch.Size([2, 2, 2])

28

29 # HEZETEERM (dim=[0, 2])

30 multi_dim_sum = torch.sum(y, dim=[0, 2])

31  print(fAHE[0,21AKM: {multi_dim_sum}") # tensor([14., 22.])
32 print(f"&REK: {multi_dim_sum.shape}") # torch.Size([2])

33

34 # RIFHEE

35  multi_dim_sum_keep = torch.sum(y, dim=[0, 2], keepdim=True)

36 print(f"REFEENZHERI: {multi_dim_sum_keep}")

37 # tensor([[[14.],

38 # [22.777)

39 print(f"E&REK: {multi_dim_sum_keep.shape}") # torch.Size([1, 2, 1])
40

41
Function &0

AR

1 Vaz:

2 * @brief Performs tensor summation along specified dimensions

3 *

4 * @param dev Device handle for CUDA/CPU device management

5 * @param out Output tensor to store the sum result



6 * @param self Input tensor to be summed
7 * @param out_sizes Output tensor sizes
8 * @param out_strides Output tensor strides (can be non-contiguous)
9 * @param self_sizes Input tensor sizes
10 * @param self_strides Input tensor strides (can be non-contiguous)
11 * @param dim Array of dimensions to reduce along
12 * @param out_ndims Number of dimensions to reduce (length of dims
array)
13 * @param self_ndims Number of dimensions in the input tensor
14 * @param dim_ndims Number of dimensions in the input tensor
15 * @param out_dtype Data type of output tensor
16 * @param input_dtype Data type of input tensor
17 * @param keepdim Whether to keep the reduced dimensions with size 1
18 *
19 * @note Memory Layout:
20 * - Fully supports non-contiguous tensors
21 * - Handles arbitrary strides efficiently
22 * - Optimized for both contiguous and non-contiguous cases
23 *
24 * @note Behavior:
25 * - Accumulates sum in higher precision for floating point types
26 * - Performs efficient reduction using appropriate algorithms for each
device
27 * - Handles empty tensors and edge cases correctly
28 * - Supports type promotion from input to output if needed
29 x/
30  void sum_kernel(
31 SiDeviceHandle *dev, // Device handle
32 void *out, // Output tensor data pointer
33 const void *self, // Input tensor data pointer
34 const int64_t*x out_sizes, // Output sizes
35 const int64_tx out_strides, // Output strides
36 const int64_tx self_sizes, // Input tensor sizes
37 const int64_tx self_strides , // Input tensor strides
38 const int64_tx dim, // Dimensions to sum over
39 int out_ndims, // Number of dimensions in input tensor
40 int self_ndims, // Number of dimensions in input tensor
41 int dim_ndims, // Number of dimensions to reduce
42 int out_dtype, // Data type of output tensor
43 int 7Tnput_dtype, // Data type of input tensor
44 bool keepdim // Whether to keep reduced dimensions as
size 1
45 );

46 ZREIEEDY

47  EEEEAY: int8, uint8, intl6, int32, inte4
48  FmEH: floatl6, bfloatlé, float32, float64
49  F/RZFEEL: bool



50 E#IEA: complex64, complex128
51 E#HHFKE: complex32

B hRASF % 35 BR

(1) ¥IlREBELFdim=-1, keepdim=truefISEE

(2) keepdim#BZ Funsqueezet®fE, HEZRTILUIE, BFAFEMIEXIEE
(3) #HIZFHr L, WMRFERFfloatE

(4) KRR LR ZE [BtensorAcontinuoushyiEs

(5) HITARIERN: torch¥EimiNtensor (shapeR[A, B, C]) #H{TshapeZift, #%7[A* B, ClfEN
sikernel, sikernelXY&x/G—4#1TRINITE, HitishapeI[A * B]fUtensor, ZAGStorchiGEHiRRE!
[A, B, 11f9shapefiz =t

REkEEAR

(AN RS

1 template <typename T>

2  void sum(void *d_in, void *d_out, int dim@_size, int diml_size, int dim = -1);

pE
(1) #hRdim1_sizeZ%, RIKIMAI1024F 55T (2567 Mloat) , Ac&tile reghiload
LRRARER, AENFERBEEIZFTIXTT (84 float)

ISSUE

(J Cuda reduce sum kernel S@id H1TAMBFM ZRKYILFRII, SNREEA sum_stub KIRENES
¥, AT HEEFRTS input LUK output B shape/stride, LEEZEOIRHMNBTESHIIR,
RIBEE sum sipu 2, AIUREE R —E9 S EERZEOFER

O ##%4E contiguous

zero_

Pytorch 3X#%: https://pytorch.org/docs/stable/generated/torch.Tensor.zero_.html

(AN RS

1 Tensor& zero_(Tensor &self) {

2 int64_t nelements = clO::multiply_integers(self.sizes());
3 if (self.device() == at::kCPU &&

4 self.is_non_overlapping_and_dense() &&

5 nelements < internal::GRAIN_SIZE) {

6

return zero_cpu_(self, nelements);


https://pytorch.org/docs/stable/generated/torch.Tensor.zero_.html

ks

8 return self.fill_(0);

}
10
11 JEcpu backend&E#ZFIFRFi11_
12
13
14 import torch
15
16 # BIE—TKE
17 x = torch.ones(3, 4)
18 print(x)
19 tensor([[1., 1., 1., 1.7,

20 [lape®?, 1., 1.1,
21 [1., 1., 1., 1.1])
22

23 # BT EFRENTF

24  x.zero_()

25  print(x)

26 tensor ([[0., 0., 0., 0.],

27 [0., 0., 0., 0.7,
28 [0., 0., 0., 0.11)
AR

1 void zero_(SiDeviceHandle dev, void constx self, int dims, const int64_tx*

self_sizes, const int64_tx self_strides, dtype)

topk, topk.values

Pytorch 14

e https://pytorch.org/docs/stable/generated/torch.topk.html
Pytorch SEI}

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TensorTopK.cpp
#L47

o YFTEIER THEEE sorttnarrow, HER TEMEERZETEHHFIMN (AELIMATIRH
&) o #&# cub A% apis.

* indices k1A dtype 77 int64


https://pytorch.org/docs/stable/generated/torch.topk.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TensorTopK.cpp#L47
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/TensorTopK.cpp#L47

1"-—::std::tuple<Tensor &,Tensor &> topk_out(const Tensor & self, cl0::SymInt k,

Dtypes

int64_t dim, bool largest, bool sorted, Tensor & values, Tensor & indices); //

{"schema": "aten::topk.values(Tensor self, SymInt k, int dim=-1, bool
largest=True, bool sorted=True, *, Tensor(a!) values, Tensor(b!) indices) ->
(Tensor(a!) values, Tensor(b!) dindices)", "dispatch": "True", "default":
"False"}

::std::tuple<Tensor,Tensor> topk(const Tensor & self, cl0::SymInt k, int64_t
dim, bool largest, bool sorted); // {"schema": "aten::topk(Tensor self, SymInt
k, int dim=-1, bool largest=True, bool sorted=True) -> (Tensor values, Tensor
indices)", "dispatch": "True", "default": "True"}

e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double

e Half, BFloatl6: floatl6, bfloatlé

HAETIR

1

O

AT_DISPATCH_ALL_TYPES_AND2 (at::ScalarType::Half, at::ScalarType::BFloatl6

o 1EiAA kernel BIfRIE contiguous, EILAR{E strides

(ASERS
Jx*

2 * @brief Compute the Top-K elements (values and indices) along a specified
dimension of a tensor.

3 *

4 * @details

5 * Extracts the top K largest/smallest elements from the input tensor along
the given dimension,

6 * writing results to separate value and index buffers. Supports both sorted
and unsorted output.

*
* @param[in] dev Device handle (e.g., GPU/accelerator) for

computation

9 * @param[out] values Output buffer for top K values (shape: original
tensor with target dim set to K)

10 * @param[out] indices Output buffer for original indices of top K values
(inté64_t data type)

11 * @param[in] self Input tensor data pointer (device memory)

12 * @param[in] dims Number of dimensions in the input tensor

13 * @param[in] self_sizes Array of dimension sizes (length = dims)



14 * @param[in] k Number of elements to select (0 < k <=
self_sizes[dim])

15 * @param[in] dim Target dimension index (0-based, 0 <= dim < dims)

16 * @param[in] largest Select largest elements if true, smallest otherwise

17 * @param[in] sorted Sort results in descending order if true, preserve
original order otherwise

18 *

19 x/

20  void topk(SiDeviceHandle dev, void* values, voidx indices, const void* self,

int dims, const int64_tx self_sizes, int k, int dim, bool largest, bool sorted)
21

22  void topk(void* values, void* indices, const void* self, const int64_t

batch_size, const int64_t size, int k, bool largest, bool sorted)

sigmoid.out, sigmoid, sigmoid_
pytorch X4
e https://pytorch.org/docs/stable/generated/torch.nn.Sigmoid.html

pytorch I

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnarySpecialOp
sKernel.cu#L124

o f§£/ gpu_kernel + element-wise lambda function 2}

Unary op, ZHAENX[E neg

AR

1 Tensor sigmoid(const Tensor & self); // {"schema": "aten::sigmoid(Tensor self)
-> Tensor", "dispatch": "True", "default": "True"}

2 Tensor & sigmoid_(Tensor & self); // {"schema": "aten::sigmoid_(Tensor(al)
self) -> Tensor(a!)", "dispatch": "True", "default": "True"}

3 Tensor & sigmoid_out(const Tensor & self, Tensor & out); // {'"schema":
"aten::sigmoid.out(Tensor self, *, Tensor(a!) out) —-> Tensor(a!)", "dispatch":

"True", "default": "False"}

Dtypes
e AT_FLOATING_TYPES: float, double
e Half, BFloatl6: floatl6, bfloatlé

e isComplexType: c10::complex<cl0O::Half>, cl10::complex<float>,
clO::complex<double>


https://pytorch.org/docs/stable/generated/torch.nn.Sigmoid.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnarySpecialOpsKernel.cu#L124
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnarySpecialOpsKernel.cu#L124

1  disComplexType(common_dtype)
2 AT_DISPATCH_FLOATING_TYPES_AND2(at::ScalarType::Half, at::ScalarType::BFloatl6

rsqrt,rsqrt_,rsqrt.out
Pytorch X4
e https://pytorch.org/docs/stable/generated/torch.rsqrt.html

Pytorch SEI}

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryOpsKernel
.CU#L96

o [E# =2 gpu_kernel + elementwise functor

Unary op, 1ZOENXI[E neg

RISIR

1 Tensor rsqrt(const Tensor & self); // {"schema": "aten::rsqrt(Tensor self) ->
Tensor", "dispatch": "True", "default": "True"}

2 Tensor & rsqrt_(Tensor & self); // {"schema": "aten::rsqrt_(Tensor(a!) self) -
> Tensor(a!)", "dispatch": "True", "default": "True"}

3 Tensor & rsqrt_out(const Tensor & self, Tensor & out); // {'"schema":
"aten::rsqrt.out(Tensor self, *, Tensor(a!) out) -> Tensor(a!)", "dispatch":

"True", "default": "False"}

Dtypes
e AT_FLOATING_TYPES: float, double
e Half, BFloatl6: floatl6, bfloatl6

e isComplexType: c10::complex<cl@::Half>, cl1l0::complex<float>,
clO::complex<double>

AR

1 AT_DISPATCH_FLOATING_TYPES_AND2(

2 ScalarType: :BFloatl6, ScalarType::Half,

3 dinline bool +isComplexType(ScalarType t) {

4 return (

5 t == ScalarType::ComplexHalf || t == ScalarType::ComplexFloat ||
6 t == ScalarType: :ComplexDouble) ;

7}

B ThRasHF &5


https://pytorch.org/docs/stable/generated/torch.rsqrt.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryOpsKernel.cu#L96
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryOpsKernel.cu#L96

(1) BUEERIFIFfloat32, bfloatl6, floatl6

(RS EES

1 //calculate the reciprocal of the square-root of the input tensor with size
dimO*diml.

//total size should be 1024B algined

template <typename T>

//only sifmt::bfloatl6, sifmt::floatl6, //sifmt::float32 are supported

void rsqrt(void *d_in, void *d_out, int dimO_size, int diml_size );

a A W N

sort,sort.stable,sort.values_stable

Pytorch XX#4

e https://pytorch.org/docs/stable/generated/torch.sort.html
Pytorch SZI

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/SortStable.cu#L
218

o ETEHHFILI, cub X apis AT
https://github.com/NVIDIA/cccl/blob/main/cub/cub/device/

(AN RS

1 // 1E RegisterCUDA.cpp SEIT sort/sort_out ¥EO, HAANREER
structured_sort_stable_out

2 ::std: :tuple<Tensor,Tensor> sort(const Tensor & self, ::std::optional<bool>
stable, int64_t dim, bool descending); // {"schema": "aten::sort.stable(Tensor
self, *, bool? stable, int dim=-1, bool descending=False) -> (Tensor values,
Tensor indices)", "dispatch": "True", "default": "True"}

3 ::std::tuple<Tensor &,Tensor &> sort_out(const Tensor & self,
::std::optional<bool> stable, int64_t dim, bool descending, Tensor & values,
Tensor & 1indices); // {"schema": "aten::sort.values_stable(Tensor self, *,
bool? stable, int dim=-1, bool descending=False, Tensor(a!) values, Tensor(b!)
indices) -> (Tensor(a!) values, Tensor(b!) dindices)", "dispatch": "True",
"default": "False"}

Dtypes
e AT_ALL_TYPES: uint8_t, int8_t, intl6_t, int, int64_t, float, double

e Half, Bool, BFloatl6: floatl6, bool, bfloatlé

(GRS


https://pytorch.org/docs/stable/generated/torch.sort.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/SortStable.cu#L218
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/SortStable.cu#L218
https://github.com/NVIDIA/cccl/blob/main/cub/cub/device/

1 AT_DISPATCH_ALL_TYPES_AND3(
2 kBool, kHalf, kBFloatl6

reciprocal,reciprocal_,reciprocal.out
Pytorch X4

e https://pytorch.org/docs/stable/generated/torch.reciprocal.html

o HIAA integral types BY, &% input %7 float types, EARIIEIZIETE Tensorlteratror By
UNARY_FLOAT_OP_CONFIG () E8 promote_inputs_to_common_dtype U
compute_types B, FILEZELIER dtypes /I float/complex types

Pytorch S2I

e https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryFractionKe
rnels.cu#L99

o S gpu_kernel + unary functor

Unary op, #OEXI[E neg

(AZEES

1 Tensor reciprocal(const Tensor & self); // {'"schema'": "aten::reciprocal(Tensor
self) -> Tensor", "dispatch": "True", "default": "True"}
2 Tensor & reciprocal_(Tensor & self); // {"schema":

"aten::reciprocal_(Tensor(a!) self) -> Tensor(a!)", "dispatch": "True",
"default": "True"}

3 Tensor & reciprocal_out(const Tensor & self, Tensor & out); // {'"schema":
"aten::reciprocal.out(Tensor self, x, Tensor(a!) out) -> Tensor(a!)",
"dispatch": "True", "default": "False"}

dtypes
e AT_FLOATING_TYPES: float, double

e AT_COMPLEX_TYPES: c10::complex<float>, c10::complex<double>
e Half, BFloatl6: floatl6, bfloatlé

(GRS

1 AT_DISPATCH_FLOATING_AND_COMPLEX_TYPES_AND2 (
2 ScalarType::Half, ScalarType::BFloatl6

where.self,where.self_out,where,where.ScalarSelf,where.ScalarOther,wher
e.Scalar


https://pytorch.org/docs/stable/generated/torch.reciprocal.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryFractionKernels.cu#L99
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/UnaryFractionKernels.cu#L99

BE{REFRPMEER static PyObject * THPVariable_where (PyObject* self_, PyObject* args,
PyObject* kwargs)

SEER

SELI:
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23bel2b21ee/aten/
src/ATen/native/TensorCompare.cpp#L631
https://pytorch.org/docs/stable/generated/torch.where.html

Hrh, where.self @iF where.self_out S2¥, AJLUIEZR Tensor& where_self_out (const Tensor&
condition, const Tensor& self, const Tensor& other, Tensor& out)

Function &0
setf-Fother#5-tensorsize foutput-tensor—=2%
HBE: condition#I#r, pytorch=1BconditionfbER— bool tensor, iZtensorfshapeFlout

Te—M, ZBEFLM, WFout[i], iR#Econdition tensor, NRIZNIE Htrue, Tl Eself[i], 75 NI
{Bother[ilo AX%3scalarifEtensor, HEZRMIpaddingr &7 43R,

(AR S

1 // schema: where.self_out(Tensor condition, Tensor self, Tensor other, x*,

Tensor(a!) out) -> Tensor(a!)

J K

out_ndims: output tensor dims

out_sizes: output tensor sizes

out_strides: strides of output tensor, 0 means it's a broadcasted dim
self_strides: strides of self tensor, 0 means it's a broadcasted dim

other_strides: strides of self tensor, 0 means it's a broadcasted dim

O 0o N O U » W N

element_sizes: element_size of nargs tensor; if element_sizes is nullptr, then
the strides will be in bytes, otherwise the strides will be in # of elements.
10 A/

11 e  d :  d 1£  d (R

12

13 EOEHRINT:

14  template<typename T>

15 void where(const void* out, const voidx condition, const voidx self, const
void* other, int out_ndims, const int64_tx out_shapes, const int64_tx*
out_strides, const int64_tx self_strides, const int64_t* other_strides)


https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/TensorCompare.cpp#L631
https://github.com/pytorch/pytorch/blob/9cd52da45c3030601bdd27e8a948f23be12b21ee/aten/src/ATen/native/TensorCompare.cpp#L631
https://pytorch.org/docs/stable/generated/torch.where.html

16

b3 it
e kComplexHalf, kHalf, kBFloat16, kBool

o AT_EXPAND(AT_ALL_TYPES_AND_COMPLEX): c10::kByte, c10::kChar, c10::kiInt, c10::kLong,
c10::kShort, c10::kDouble, c10::kFloat

e AT_EXPAND(AT_FLOAT8_TYPES))

RS EIF
ISR
1 dmport torch
2
3 x = torch.randn(3, 2)
4  print(x)
5 'y = torch.where(x > 0, -1, torch.tensor(l))
6 print(y)
-
8  #H#HHILLLE R HH#H
9 x=tensor([[-0.9950, -0.7007],
10 [ 0.1992, -0.4350],
11 [ 0.6579, -0.3728]])
12 self_converted.sizes: [], self_converted.strides: []1 # scalar tensorfisizesfll
strides %
13 condition tensor: 0 0
14 1 0
15 1 0

16 [ CPUBoO1lType{3,2} ]

17  out shapes: 6, # dter.shape()

18 iter tensorl strides: [2, 1], iter tensorl sizes: [3, 2]

19 dter tensor2 strides: [], iter tensor2 sizes: [] # scalar tensorffid
tensoriteratorf, sizeflstridesliiE

20 iter tensor3 strides: [], iter tensor3 sizes: []

21 iter strides(1l): [1]1 # J #BES#conditionBFN—EUEE, EEI LM
coalesce_dimensions{ 2548,

22  fter strides(2): [0]

23  dter strides(3): [0]

24  y=tensor([[ 1, 1],

25 [-1, 1],

26 [-1, 111)

_to_copy



JEARTE build/aten/src/ATen/RegisterCompositeExplicitAutograd.cpp
fEAZEIBY op: zeros_like, empty_strided, copy_, empty_symint

view, view_as, reshape, _reshape_alias

BEZEL https://pytorch.org/docs/stable/generated/torch Tensor.view.html
https://pytorch.org/docs/stable/generated/torch.reshape.html
https://pytorch.org/docs/stable/generated/torch.Tensor.view_as.html

view, view_as #l reshape [EEARMELZ alias_with_sizes_and_strides 1) make_tensor,
FEEHFIH

(AN RS

template <template <typename...> typename Container>
Tensor alias_with_sizes_and_strides(
const Tensor& self,
const Container<clO::SymInt>& sizes,
const Container<clO::SymInt>& strides) {
//caller should make sure that sizes and strides are valid for self

~N~ o 00~ W N PR

//(storage is sufficient, strides are non-negative, strides and sizes array
size is the same)

Tensor self_;

if (self.is_quantized()) {
10 self_ = at::detail::make_tensor<QTensorImpl>(
e clO::TensorImpl::VIEW, Storage(self.storage()), self.key_set(),

self.dtype(), get_qtensorimpl(self)->quantizer());

12 self_.unsafeGetTensorImpl()->set_sizes_and_strides(sizes, strides,
self.sym_storage_offset());

13 } else {

14 self_ = at::detail::make_tensor<TensorImpl>(

15 clO::TensorImpl::VIEW, Storage(self.storage()), self.key_set(),
self.dtype());

16 self_.unsafeGetTensorImpl()->set_sizes_and_strides(sizes, strides,

self.sym_storage_offset());

17 }

18 namedinference: :propagate_names(self_, self);
19 return self_;

20 %

view REEREEBIE —HBEHHT K, EEEFAERHTINENRBR T UKRIMARER XEU
TER T AR

1. IRESKE. WRKEXI THREFEE, SBERFHETES
2. BEAESTTERVAER . SIERERFNERNAFEIE ESE


https://pytorch.org/docs/stable/generated/torch.Tensor.view.html
https://pytorch.org/docs/stable/generated/torch.reshape.html
https://pytorch.org/docs/stable/generated/torch.Tensor.view_as.html

Bign, WFE—MRA[2, 3, 4HKE, NRED permute (2, 0, 1) TAHI[4, 2, 3], A=
iHview (8, 3) , XKW, AATELRIGEND Ko

5 view —#%, view_as tWERKEERNEFREIELED

reshape: AEPRERERE I UEZEMFEA view; MNRA1T, =5&IAA contiguous () BIE—MES:
BB, BXHXElAfER view

RGIR

1 x = torch.randn(2, 3, 4)

2

3  # WFKRERTFN—E

4  flat_view = x.view(-1)

5 print("B¥ER:", flat_view.shape) # torch.Size([24])

6

7 # HZH 2x12 B, E_EETE

8 reshaped = x.reshape(2, -1)

9 print("BoiEETEE ", reshaped.shape) # torch.Size([2, 12])
10

11

12 # FIM—THE HIEE)

13  batched = x.view(1l, 2, 3, 4)

14 print("HRMALKRLERE ", batched.shape) # torch.Size([1, 2, 3, 4])
15

16 # BE—1THE (HzEEX/) 1)

17 squeezed = batched.view(2, 3, 4)

18  print("IEERHLRAERE ", squeezed.shape) # torch.Size([2, 3, 4])
19
20
21 # PIBE—TIFELEKE (BEEE)
22 y = torch.randn(2, 3, 4)
23 y_transposed = y.transpose(0, 2) # FAZTH [4, 3, 2]
24  print("KEBEEETES::", y_transposed.is_contiguous()) # False
25
26 # &F view - %K
27 try:
28 y_view = y_transposed.view(4, 6)
29 except RuntimeError as e:
30 print("view HiR:", e)
31
32  # &/ reshape - SHLI
33 y_reshape = y_transposed.reshape(4, 6)
34 print("reshape BkIf:", y_reshape.shape) # torch.Size([4, 6])
35
36 # #fEFH contiguous() FIEH view



37 y_view = y_transposed.contiguous().view(4, 6)
38 print("contiguous().view() F{Ih:", y_view.shape) # torch.Size([4, 6])
39

40

41 = torch.randn(4, 6) # /BN [4, 6]
42 'y = torch.randn(2, 12) # N [2, 12]
43

44  # &M view_as #F x EENS y HEHEHIFERK

45 x_reshaped = x.view_as(y)

46

47  print("RIE x AKR:", x.shape)

48 print("y fR:", y.shape)

49  print("EEFER x AZIK:", x_reshaped.shape)
50 # JRIE x FEIK: torch.Size([4, 6])

51 # y JEiK: torch.Size([2, 12])

52 # BEZFHY x K torch.Size([2, 12])

uniform_,uniform,uniform.out

2EiER

Pytorch SX#4

e https://pytorch.org/docs/stable/generated/torch.Tensor.uniform_.html
Pytorch SCI}

e AT curand #8 api, generatorimpl =i A cuda graph 18 api

e Kernel 323 :
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/DistributionTem
plates.h#L66

° api SEREXZFHE— generator, kernel SLILEZEA generator ZEMALER, BINFZIFET
MEEX S mIFEHE LI Z kernel

HAETIR

1 Tensor & uniform_(Tensor & self, double from, double to,
::std::optional<Generator> generator); // {"schema":
"aten::uniform_(Tensor(a!) self, float from=0, float to=1, *, Generator?

generator=None) -> Tensor(a!)", "dispatch": "True", "default": "False"}

(GRS

1 x = torch.empty(2, 3)
2 x.uniform_(from_=0, to=1)
3 X


https://pytorch.org/docs/stable/generated/torch.Tensor.uniform_.html
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/DistributionTemplates.h#L66
https://github.com/pytorch/pytorch/blob/v2.5.0/aten/src/ATen/native/cuda/DistributionTemplates.h#L66

4  tensor([[0.2154, 0.5179, 0.8284],

5 [0.4732, 0.9251, 0.3088]])

6 g = torch.Generator().manual_seed(42)

-

8 y = torch.empty(2, 3)

9 y.uniform_(from_=10, to=20, generator=g)

10 Y

11  tensor([[16.6065, 18.1294, 17.8853],

12 [18.9614, 13.6132, 14.2703]])
ISSUE

sym_size.int
JIMRFERAR (symbolicsize) HHIERISEFRAIES (int64_t) fE,

AR
1 x = torch.zeros(2, 3, 4)
2 sym_dims = x.sym_size()
3 sym_dims
4 [2, 3, 4]

SEEFR

Pytorch I

https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/
src/ATen/core/TensorBase.h#L165

c1@: :SymIntArrayRef sym sizes() const {

return impl ->sym sizes();

https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/
src/ATen/core/TensorBase.h#L1053

e = enable if symint<T>>

c10::SymIntArrayRef sizes{const TensorBase& t) { return t.sym sizes(); }

https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/
src/ATen/core/TensorBase.h#1L243

c1e::SymInt sym size(int64 t dim) const {

return impl ->sym size(dim);



https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L165
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L165
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L1053
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L1053
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L243
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L243

https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/
src/ATen/core/TensorBase.h#L1058

template <typename T, typename = enable_if_symint<T>4

c10::SymInt size(const TensorBase& t, int64 t dim) { return t.sym size(dim); }

[NOTE] REELI, IHeEHpytorchIBEF5ERL

polar, polar.out

SEER
pytorch>#4: https://pytorch.org/docs/stable/generated/torch.polar.html
SEZLI:

https://github.com/pytorch/pytorch/blob/183bca41de89825107dceldlecc1502d9993a684/aten/
src/ATen/native/cuda/ComplexKernel.cu#lL22

REGIR

1 >>> abs = torch.tensor([1.0, 2.0, 3.0])

2 >>> angle = torch.tensor([0.0, torch.pi/2, torch.pil])

3  >>> complex_tensor = torch.polar(abs, angle)

4 >>> print(complex_tensor)

5 tensor ([ 1.0000e+00+0.0000e+00j, -8.7423e-08+2.0000e+007,
6 -3.0000e+00-2.6227e-077])

Function %[

REGIR

1

2 @brief
3

4

5

6

7 @param
8 @param
9 @param
10 @param
11 @param
12 @param
13 @param
14 @param

15 @param


https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L1058
https://github.com/pytorch/pytorch/blob/9a0f7a3bb01b235ea04581ee540970a098071b72/aten/src/ATen/core/TensorBase.h#L1058
https://pytorch.org/docs/stable/generated/torch.polar.html
https://github.com/pytorch/pytorch/blob/183bca41de89825107dce1d1ecc1502d9993a684/aten/src/ATen/native/cuda/ComplexKernel.cu#L22
https://github.com/pytorch/pytorch/blob/183bca41de89825107dce1d1ecc1502d9993a684/aten/src/ATen/native/cuda/ComplexKernel.cu#L22

16 * @param angle_strides Angle tensor strides

17 * @param ndims Number of dimensions in tensors
18 * @param out_dtype Output complex data type (complex32/64/128)
19 * @param 7Tnput_dtype Input floating point data type (floatl6/32/64)
20 *

21 * @note Supported Data Types:

22 * Input (magnitude, angle):

23 * - floatl6é (half)

24 * - bfloatlé

25 * - float32 (float)

26 * - floaté64 (double)

27 *

28 * Output (complex):

29 * - complex32 (half complex)

30 * - complex64 (single complex)

31 * - complex128 (double complex)

32 *

33 * @note Memory Layout:

34 * - Supports non-contiguous tensors

35 * - Handles arbitrary strides efficiently

36 * - Input tensors must have matching sizes

37 * - Output complex tensor has same shape as inputs
38 *

39 * @note Implementation Details:

40 * - Uses fast math functions for trigonometric operations
41 * - Vectorized operations where possible

42 * - Handles edge cases (inf, nan) according to IEEE standards
43 * - Thread-safe and optimized for GPU execution

44 */

45 void polar_kernel_cuda(

46 SiDeviceHandle *dev, // Device handle

47 void *out, // Output complex tensor
48 const void *abs, // Input magnitude tensor
49 const void *angle, // Input angle tensor

50 const int64_t*x out_sizes, // Output sizes

51 const int64_tx out_strides, // Output strides

52 const int64_tx abs_sizes, // Magnitude sizes

53 const int64_tx abs_strides, // Magnitude strides

54 const int64_tx angle_sizes, // Angle sizes

55 const int64_t* angle_strides, // Angle strides

56 int ndims, // Number of dimensions
57 int out_dtype, // Output complex dtype
58 int dnput_dtype // Input float dtype

59 )3

ISSUE



O fEMTensorlterator f£%5%k, Z#FiEcontiguous tensor

rms_norm

SERER

SELI:
https://github.com/pytorch/pytorch/blob/a05cc9f4941bd3b93e44b21cb7dac47d37003b32/aten/
src/ATen/native/layer_norm.cpp#L264

Pytorchi&#l:
https://pytorch.org/docs/stable/generated/torch.nn.modules.normalization.RMSNorm.html

HAEDIR

1 func: rms_norm(Tensor input, int[] normalized_shape, Tensor? weight=None,
float? eps=None) -> Tensor

2

3 #HBEEFEE

4  dmport torch

5 dmport torch.nn.functional as F

6

7 dinput = torch.randn(2, 3, 4, 5)

8 normalized_shape = [4, 5] # m/EMTHE

9 weight = torch.ones(4, 5) # BIEHIEINELL
10
11  output = torch.nn.functional.rms_norm(
12 input,
13 normalized_shape,
14 weight=weight, # A/t
15 eps=le-6 # Bk
16 )

Function %0

AR

1 JA*k

2 * @brief Performs Root Mean Square (RMS) Normalization on input tensor
3 *

4 * RMS Normalization normalizes the input tensor by dividing it by the root

mean square,
5 * computed over the specified dimensions. It differs from Layer Normalization
by not
6 * centering the inputs (no mean subtraction), which makes it more

computationally efficient.
7 *


https://github.com/pytorch/pytorch/blob/a05cc9f4941bd3b93e44b21cb7dac47d37003b32/aten/src/ATen/native/layer_norm.cpp#L264
https://github.com/pytorch/pytorch/blob/a05cc9f4941bd3b93e44b21cb7dac47d37003b32/aten/src/ATen/native/layer_norm.cpp#L264
https://pytorch.org/docs/stable/generated/torch.nn.modules.normalization.RMSNorm.html
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* Formula: y = [x / sqgrt(mean(x"2) + eps)] * weight (if provided)

* @param out Rms_norm result

* @param Tnput Input tensor to be normalized

* @param weight Optional weight tensor for scaling the normalized
output

* Must be of shape normalized_shape if provided

* @param eps Small constant added to denominator for numerical
stability

* If not provided, uses default epsilon for the data
type

* @param batch_size numel of input / numel of normalized tensor

* @param normalized_size padded numel of normalize tensor
* Normalization will be performed over the last dims
of size normalized_shape

* @param original_normalized_size the original size of normalized_size

%

@param ndims input/output ndims

* @param normalized_shape_ndims  how many dims will be normalized

* @param weight_opt weither has weight input
* @param eps_opt weither has eps input
*
%/
void rms_norm_kernel(
SiDeviceHandle *dev, // Device handle
void *output, // Output
const void *input, // Input tensor
const void *weight, // Optional weight tensor for scaling

the normalized output
const float eps, // Small constant added to denominator
for numerical stability If not provided, uses default epsilon for the data type

const int64_t batch_size, // numel of dinput / numel of normalized
tensor J73FnormalizeZ&EHIFFR
const int64_t normalized_size, // padded numel of normalize tensor, ZHZ

512pad2Z/5H9original_normalized_size

const int64_t original_normalized_size, //original numel of normalize
tensor —ARAinputBIR/E/ L TNEZHITEFT

int weight_opt, // 0 for false, 1 for true

int eps_opt, // 0 for false, 1 for true

)3

rms_normiJinput size = output size

weightfleps#BErIiESE, HEFweight#shapeEnormalized_shape, eps Defaults to le-6
fE Ninput shape=[batch_size, normalized_size]

weight shape = [normalized_size]
out shape = [batch_size, normalized_size]



46
47 dnput cudaXziFHIRIALE

48 1. float
49 2. double
50 3. complex<float>
51 4. complex<double>
52 5. Half (floatile)
53 6. BFloatl6

ISSUE

O B®Acudafys= B Al LUEUIEcontiguousBlinput, {BE%FFcontiguousiIZIFEIENE
B9, BJLATEpytorchilfci&im N iR /9 contiguous,

amax, amax.out

SEZER

pytorch>#4: https://pytorch.org/docs/stable/generated/torch.amax.html
BELH: MmaxtA—1kernel

S5maxgIAMmE:

1. 4iEreduce 5E: amax/amingElEZIFEZ NMEE Li#H{Treducei2E, Mmax/minfEX—m LR
BE&XERIINEE,

2. @BHREIES]: amax/aminfERITIRERNASREIXFIVIZERS], fmax/minll=ik[EIZES],

3. BEMFEAR: IFEESMEENER, amax/amin2FiREHSt D EEIXLBENEL, ™
max(dim)/min(dim)7EZEHEEN, ISR EEEREIRKEFN—ITRIIMIE,

ERAE:

ISR

1 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6]])
2 >>> max_val = torch.amax(x)

3 >>> max_val

4 tensor(6)

5

6 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6]])
7 >>> max_dim@ = torch.amax(x, dim=0)

8 >>> max_dimo

9 tensor([4, 5, 6])
10
11 >>> x = torch.tensor([[1, 2, 3], [4, 5, 6]])
12 >>> max_diml_keep = torch.amax(x, dim=1, keepdim=True)


https://pytorch.org/docs/stable/generated/torch.amax.html

13 >>> max_diml_keep

14 tensor([[3],

15 [611)

16

17  >>> x = torch.randn(2, 3, 4)

18  >>> X

19 tensor ([[[ 1.3958e+00, 1.0015e+00, -3.7019e-01, -1.5914e+00],

20 [-7.9525e-01, 3.4663e-02, -1.8195e+00, -1.3115e-03],
21 [ 5.5305e-01, 2.5448e+00, 7.1271e-01, 9.1277e-02]],
22

23 [[ 1.0165e+00, 2.1791e-01, 1.3918e-01, -1.5510e-01],
24 [-8.1696e-01, 3.8472e-01, 1.5919e+00, 4.4249e-01],
25 [-5.2152e-01, 6.034le-01, 9.4258e-02, 2.8002e-01]]])

26 >>> max_multi = torch.amax(x, dim=(0, 1))
27 >>> max_multi
28  tensor([1.3958, 2.5448, 1.5919, 0.4425])

Function &0
2%E:. BOP AL
5maxAEBReduce dimiybiE MoutputibiEEsipu torchfllibiE

bincount,bincount.out

S2EEFR
pytorch3X#%: https://pytorch.org/docs/2.6/generated/torch.bincount.html#torch-bincount
cudaBsE I :

https://github.com/pytorch/pytorch/blob/1a6d50d40799ba05b17254b236a6bf8817dd7d06/aten
/src/ATen/native/cuda/SummaryOps.cu#L248

AR REeME—4pIFR BEHKE

RIGIR

1 >>> x = torch.tensor([1, 2, 2, 3, 3, 3])

2 >>> counts = torch.bincount(x)

3 >>> counts

4  tensor([0, 1, 2, 3])

5

6 >>> x = torch.tensor([1, 1, 2])

7 >>> counts = torch.bincount(x, minlength=5)
8 >>> counts

9 tensor([0, 2, 1, 0, 0])

=
©


https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Lzx1dDwwyofFjKx7Dccc5pD1njg
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Lzx1dDwwyofFjKx7Dccc5pD1njg
https://pytorch.org/docs/2.6/generated/torch.bincount.html#torch-bincount
https://github.com/pytorch/pytorch/blob/1a6d50d40799ba05b17254b236a6bf8817dd7d06/aten/src/ATen/native/cuda/SummaryOps.cu#L248
https://github.com/pytorch/pytorch/blob/1a6d50d40799ba05b17254b236a6bf8817dd7d06/aten/src/ATen/native/cuda/SummaryOps.cu#L248

11 >>> x = torch.tensor([1, 1, 2, 3])

12 >>> weights = torch.tensor([0.1, 0.2, 0.3, 0.4])

13 >>> weighted_counts = torch.bincount(x, weights=weights)
14 >>> print(weighted_counts)

15 tensor ([0.0000, 0.3000, 0.3000, 0.4000])

Function 0

AR
Vaz:

* @brief Counts the frequency of each value in a non-negative integer tensor
*
* Bincount computes the occurrence count of each value in the input tensor.

It can optionally apply weights to compute weighted sums instead of counts.

O 00 N O U » W N
N

* Formula:
* - Without weights: out[i] = count of i in input
* - With weights: out[i] = sum(weights[j] where input[j] == 1)
10 *
11 * @param output Output tensor containing the counts/sums
12 * @param self Input tensor (must be 1D non-negative integers)
13 * @param weights Optional weights tensor for weighted sums
14 * Must be same size as input if provided
15 * @param minlength Minimum length of output tensor
16 * @param 7Tnput_size Number of elements in input tensor
17 * @param output_size Size of output tensor (max(input) + 1 or minlength)
18 * @param has_weights Flag indicating if weights are provided (O=false,
1=true)
19 x/
20  void bincount_kernel(
21 SiDeviceHandlex dev, // Device handle
22 voidx output, // Output tensor buffer
23 const voidx self, // Input tensor data
24 const void* weights, // Optional weights data
25 int64_t minlength, // Minimum output length
26 int64_t input_size, // Number of elements in input
27 int64_t output_size, // Size of output tensor
28 int has_weights // Whether weights are provided
29 )
30

31 selfHiFfyidEzLE!:

32 uint8_t (EBEFIKE)
33 int8_t

34  dntl6_t

35  int32_t

36 int64_t



37
38  weightsZIFRVEIESREL:

39 float
40 double
B hRAsF % 15 ER

(1) B EEESTinte4—tE 8

(2) VIRERFAZFweightsS#

(3) HititensorfIKE L, #MREKBImInlen, BEEFEEETZFmax + 1K1ER
(4) MEREE, BFEGHRE, MMRSZFn32_tRE, MEZRGHIEHRITO4-325iR
NEkEOIERA R

HAETIR

1 template <typename T>

2 void bincount(void *d_in, void *d_out, T dim_size, T min_len);

ISSUE
O WMABIZ1ILEESRBStrided /5 K8, A ZFHERT NV IREL T HH B
R B4Ry IE R BHKE

nonzero,nonzero.out

SEER

pytorch3#4: https://pytorch.org/docs/stable/generated/torch.nonzero.html

SEZLI:
https://github.com/pytorch/pytorch/blob/a936d596f6f7d2bc2dc47b4b2320208b4908e7f2/aten/s
rc/ATen/native/cuda/Nonzero.cu#L170

RIGIR

1 >>> x = torch.tensor([[1, 0, 0], [0, 2, 0], [0, 0, 3]1])
2 >>> qndices = torch.nonzero(x)

3 >>> dindices

4  tensor([[0, 0],

5 [1, 11,

6 [2, 211)

-

8 >>> x = torch.tensor([[1, 0, 0], [0, 2, 0], [0, O, 3]1])


https://pytorch.org/docs/stable/generated/torch.nonzero.html
https://github.com/pytorch/pytorch/blob/a936d596f6f7d2bc2dc47b4b2320208b4908e7f2/aten/src/ATen/native/cuda/Nonzero.cu#L170
https://github.com/pytorch/pytorch/blob/a936d596f6f7d2bc2dc47b4b2320208b4908e7f2/aten/src/ATen/native/cuda/Nonzero.cu#L170

9 >>> rows, cols = torch.nonzero(x, as_tuple=True)

10 >>> rows

11 tensor ([0, 1, 2])

12 >>> cols

13 tensor ([0, 1, 2])

14

15 >>> x = torch.tensor([[[1, 0], [0, 2]1], [[0, 0], [3, ©0]1]1])
16 >>> 1qndices = torch.nonzero(x)

17  >>> 1dindices

18 tensor ([[0, O, 0],

19 [Oy 17 l]7
20 [1, 1, 0]])
21

22 mask = torch.tensor([[True, False], [False, True]l)
23 1dndices = torch.nonzero(mask)

24  print(indices)

25

26

27

28

29 x = torch.tensor([1, 2, 3, 4, 5])

30 dndices = torch.nonzero(x > 3)

31 print(indices)

32

33 >>> x = torch.tensor([[[0, 0], [0, 0]], [[0, 0], [0, 0]]1]1)
34  >>> dndices = torch.nonzero(x)

35 >>> dndices

36  tensor([], size=(0, 3), dtype=torch.int64)

Fcudaxkilf, ZEFEISH, FEESWRIARACuda&EF,
1. F—RitEselffh 8 & %/ D3F07tENnum_nonzeros_h,

a. cub:TransformInputlterator<bool, NonZeroOp<scalar_t>, const scalar_t*>
itr(self_.const_data_ptr<scalar_t>(), NonZeroOp<scalar_t>());&input2&f%70/1, AE&E
FsumRitE HRIF0TTE

2. IRIBE—RERREINEIE, #iEtoutputilsizeI{num_nonzeros, ndim}

3. 52 RAAcuda, 1§Findicates, MNREAtuple, FEEpytorch#HIT/EEA0IE, Ritkernel
FabIe

Function £

XEBIGHMEE _RABcudaEANIEL, F—XIARREE E 0P W & sum &0

(GRS


https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-NG93doTaSoRF1FxYCsucIygQnPf
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-NG93doTaSoRF1FxYCsucIygQnPf

1 Jx*

2 * @brief Finds indices of non-zero elements in a tensor

3 *

4 * Nonzero computes the indices of all non-zero elements in the input tensor.

5 * The output is a 2D tensor where each row contains the indices of a non-zero
element.

6 *

7 * @param out Output tensor containing the indices

8 * @param self Input tensor

9 * @param self_sizes input shape

10 * @param self_strides input strides

11 * @param num_nonzeros Number of non-zero elements in input

12 * @param ndim Number of dimensions of input tensor

13 */

14  void nonzero_kernel(

15 SiDeviceHandlex dev, // Device handle

16 voidx out, // Output tensor buffer

17 const void* self, // Input tensor data

18 const inte4_tx self_sizes, // input shape

19 int64_t num_nonzeros, // Number of non-zero elements

20 int64_t ndim, // Number of dimensions

21 );

22

23 ZEFRVEUIESEEY

24 float32

25 floate4

26 int8/uint8

27 intl6/int32/int64

28  bool

29 bfloatl6

30 complex64/complex128

B dsFF & 5% BB
(1) #HHIZIFLE, BEXZIFINt32_t, bool
(2) Z#Fas_tupleBix

as_tuplefgtrueBy, R[EltensorAd1, DANFERRELENLIME (THBMNBIFELIRX
18, yfa)

as_tupleZyfalsebt, iR[altensory11, shapeI[MAX_NUM, DIM_NUM]
(3) BATFEEHBRSE, XFintod_t3E8, RIEZEEHIEHTO4-325%i%

(4) ¥IRRIGEM —4imANZEO, M4, RBEXERETE, RikinputE[m,n], HHED
tensorfI K/ A[m * n], MEMNEHtensorfIESL A/, BEETFout_sizeiR[E&EH

as_tupleytrueby, iR[Eltensor/924



as_tuplefafalsedst, iR[EtensorAl4, shapeXd[m * n, 2]

REREOEBRR:

(ASERS

1 /// @brief Returns 2 tensor containing the indices of all non-zero elements of
input

2 /// @tparam T Datatype support [int32_t, bool]

3 /// @param[in] d_in Input tensor with shape [dimO_size, diml_size]

4  /// @param[out] d_out® Output tensor O with shape [#*out_size]

5 /// @param[out] d_outl Output tensor 1 with shape [*out_size]

6 /// @param[in] dimO_size Tensor shape param O

7 /// @param[in] diml_size Tensor shape param 1

8 /// @param[out] out_size Record nonzero element number, this param should be
on DEVICE MEMORY

9 template <typename T>

10 void nonzero_2d(void *d_in, void xd_out®, void *d_outl, int dim@_size, int
diml_size, int *out_size);

11

i /// @brief Returns 1 tensor containing the indices of all non-zero elements of
input

13  /// @tparam T Datatype support [int32_t, bool]

14 /// @param[in] d_in Input tensor with shape [dimO_size, diml_size]

15 /// @param[out] d_out Output tensor with shape [*out_size, 2]

16 /// @param[in] dim@_size Tensor shape param O

17 /// @param[in] diml_size Tensor shape param 1

18 /// @param[out] out_size Record nonzero element number, this param should be
on DEVICE MEMORY

19 template <typename T>

20  void nonzero_2d_no_tuple(void *d_in, void *d_out, int dim@_size, -int
diml_size, int *out_size);

ISSUE

O tAZlkernelZal, self&4ciiicontiguousihI®, kerneliEZ MY Rcontiguousiii

vlilm_flash_attn_c::varlen_fwd, vllm_flash_attn_c::fwd_kvcache[vLLM]

2E(

E o

VLLM AR TE: https://github.com/vlim-
project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vilm/vl/attention/backends/fl
ash_attn.py#L194

EiX B FA2 1 FA3 (hopperZets)


https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/v1/attention/backends/flash_attn.py#L194
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/v1/attention/backends/flash_attn.py#L194
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/v1/attention/backends/flash_attn.py#L194

https://github.com/vllm-project/flash-
attention/blob/main/vllm_flash_attn/flash_attn_interface.py

flash-attention/vllm_flash_attn/flash_attn_interface.py at main - vllm-project/flash-attent:--

1
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10
11
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13
14
15
16
17
18
19
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22
23
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26
27

28
29
30

3k

32
33
34
35
36
37

def flash_attn_varlen_func(
a
K,
v,
max_seqlen_q,
cu_seqglens_q,
max_seqlen_k,
cu_seqlens_k=None, # only used for non-paged prefill
seqused_k=None,
dropout_p=0.0,
softmax_scale=None,
causal=False,
window_size: Optional[List[int]] = None,
softcap=0.0, # 0.0 means deactivated
alibi_slopes=None,
deterministic=False,
return_attn_probs=False,
block_table=None,

*,

return_softmax_lse=False,
out=None,
fa_version: int = DEFAULT_FA_VERSION,

"""dropout_p should be set to 0.0 during evaluation

Supports multi-query and grouped-query attention (MQA/GQA) by passing in
K, V with fewer heads

than Q. Note that the number of heads in Q must be divisible by the number
of heads 1in KV.

For example, if Q has 6 heads and K, V have 2 heads, head 0, 1, 2 of Q
will attention to head

® of K, V, and head 3, 4, 5 of Q will attention to head 1 of K, V.

If causal=True, the causal mask is aligned to the bottom right corner of
the attention matrix.
For example, if seqlen_gq = 2 and seqlen_k = 5, the causal mask (1 = keep,
© = masked out) 1s:
11110
11111
If seqlen_g = 5 and seqlen_k = 2, the causal mask is:
00
00
00


https://github.com/vllm-project/flash-attention/blob/main/vllm_flash_attn/flash_attn_interface.py
https://github.com/vllm-project/flash-attention/blob/main/vllm_flash_attn/flash_attn_interface.py
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10
11
If the row of the mask 1is all zero, the output will be zero.

If window_size != (-1, -1), implements sliding window local attention.
Query at position i

will only attend to keys between

[i + seqlen_k - seqlen_gq - window_size[0], i + seqlen_k - seqlen_q +

window_size[1]] inclusive.

Arguments:
q: (total_qg, nheads, headdim), where total_q = total number of query
tokens in the batch.
k: (total_k, nheads_k, headdim), where total_k
tokens in the batch.
v: (total_k, nheads_k, headdim), where total_k
tokens in the batch.

cu_seqlens_q: (batch_size + 1,), dtype torch.int32. The cumulative

total number of key

total number of key

sequence lengths
of the sequences 1in the batch, used to index into q.
cu_seqlens_k: (batch_size + 1,), dtype torch.int32. The cumulative
sequence lengths
of the sequences 1in the batch, used to index into kv.
max_seqglen_q: int. Maximum query sequence length 1in the batch.
max_seqlen_k: int. Maximum key sequence length in the batch.
dropout_p: float. Dropout probability.
softmax_scale: float. The scaling of QKAT before applying softmax.
Default to 1 / sqrt(headdim).
causal: bool. Whether to apply causal attention mask (e.g., for auto-
regressive modeling).
window_size: (left, right). If not (-1, -1), implements sliding window
local attention.
softcap: float. Anything > 0 activates softcapping attention.
alibi_slopes: (nheads,) or (batch_size, nheads), fp32. A bias of
(-alibi_slope * |i + seqlen_k - seqlen_q - j|)
is added to the attention score of query i and key j.
deterministic: bool. Whether to use the deterministic implementation
of the backward pass,
which is slightly slower and uses more memory. The forward pass is
always deterministic.
return_attn_probs: bool. Whether to return the attention
probabilities. This option 1is for
testing only. The returned probabilities are not guaranteed to be
correct
(they might not have the right scaling).
Return:
out: (total, nheads, headdim).



72 softmax_1lse [optional, if return_softmax_lse=True]: (nheads,

total_qg_seqlen). The

73 logsumexp of each row of the matrix QKAT * scaling (e.g., log of
the softmax

74 normalization factor).

75 frien

76 assert cu_seqglens_k is not None or seqused_k is not None, \

77 "cu_seqlens_k or seqused_k must be provided"

78 assert cu_seqlens_k is None or seqused_k is None, \

79 "cu_seqlens_k and seqused_k cannot be provided at the same time"

80 assert block_table is None or seqused_k is not None, \

81 "seqused_k must be provided if block_table s provided"

82

83 7f softmax_scale is None:

84 softmax_scale = q.shape[-1] **x (-0.5)

85 # custom op does not support non-tuple input

86 real_window_size: Tuple[int, int]

87 7f window_size is None:

88 real_window_size = (-1, -1)

89 else:

90 assert len(window_size) ==

91 real_window_size = (window_size[0], window_size[l])

92 g, k, v = [maybe_contiguous(x) for x in (g, k, V)]

93

94 dummy_cu_seqlens_k = torch.empty_Llike(cu_seqglens_q)

95

96 if fa_version ==

97 out, softmax_lse = torch.ops._vllm_fa2_C.varlen_fwd(

98 q, k, v,

99 out,

100 cu_seqglens_q,

101 # cu_seqlens_k not used since we use seqused_k, but flash_api.cpp

102 # still wants it so we pass all zeros

103 dummy_cu_seqlens_k 7f cu_seqglens_k 1is None else cu_seqlens_k,

104 seqused_k,

105 None,

106 block_table,

107 alibi_slopes,

108 max_seqlen_q,

109 max_seqlen_k,

110 dropout_p,

111 softmax_scale,

112 False,

113 causal,

114 real_window_size[0],

115 real_window_size[1],

116 softcap,



1Sk return_softmax_lse and dropout_p > 0,
118 None,

119 )

120 elif fa_version ==

121 out, softmax_lse, _, _ = torch.ops._vllm_fa3_C. fwd(
122 q, k, v,

123 None, None, # k_new, v_new

124 out,

125 cu_seqlens_q,

126 cu_seqlens_k, # cu_seqlens_k

127 None, # cu_seqlens_k_new

128 None, seqused k, # seqused_qg, seqused_k

129 max_seqlen_q, max_seqglen_Kk,

130 block_table,

131 alibi_slopes,

132 None, # kv_batch_1idx

133 None, None, # rotary_cos, rotary_sin

134 None, None, None, # q_descale, k_descale, v_descale
135 softmax_scale,

136 causal,

137 real_window_size[0], real_window_size[1],

138 0, # sink_token_length

139 softcap,

140 True, # rotary_1interleaved

141 0, # num_splits

142 None, # pack_gqga

143 0, # sm_margin

144 )

145 else:

146 raise ValueError (f"Unsupported FA version: {fa_version}")
147 return (out, softmax_lse) 7f return_softmax_lse else out
148

149

150

151 def flash_attn_with_kvcache(

152 q,

153 k_cache,

154 v_cache,

155 k=None,

156 v=None,

157 rotary_cos=None,

158 rotary_sin=None,

159 cache_seqlens: Optional[Union[(int, torch.Tensor)]] = None,
160 cache_batch_idx: Optional[torch.Tensor] = None,

161 cache_leftpad: Optional[torch.Tensor] = None,

162 block_table: Optional[torch.Tensor] = None,

163 softmax_scale=None,



164 causal=False,

165 window_size=(-1, -1), # -1 means infinite context window
166 softcap=0.0, # 0.0 means deactivated

167 rotary_interleaved=True,

168 alibi_slopes=None,

169 num_splits=0,

170 return_softmax_lse=False,

171 *

172 out=None,

173 # FA3 Only

174 scheduler_metadata=None,

175 q_descale=None,

176 k_descale=None,

177 v_descale=None,

178 # Version selector

179 fa_version: int = DEFAULT_FA_VERSION,

180 ).

181 o

182 If k and v are not None, k_cache and v_cache will be updated *inplacex

with the new values from

183 k and v. This 1is useful for dincremental decoding: you can pass in the
cached keys/values from

184 the previous step, and update them with the new keys/values from the

current step, and do

185 attention with the updated cache, all in 1 kernel.
186
187 If you pass in k / v, you must make sure that the cache is large enough to

hold the new values.

188 For example, the KV cache could be pre-allocated with the max sequence
length, and you can use

189 cache_seqlens to keep track of the current sequence lengths of each

sequence 1in the batch.

190

191 Also apply rotary embedding if rotary_cos and rotary_sin are passed 1in.
The key @k will be

192 rotated by rotary_cos and rotary_sin at indices cache_seqlens,
cache_seqlens + 1, etc.

193 If causal or local (i.e., window_size != (-1, -1)), the query @q will be
rotated by rotary_cos

194 and rotary_sin at indices cache_seqlens, cache_seqlens + 1, etc.

195 If not causal and not local, the query @q will be rotated by rotary_cos
and rotary_sin at

196 indices cache_seqlens only (i.e. we consider all tokens in @q to be at
position cache_seqlens).

197

198 See tests/test_flash_attn.py::test_flash_attn_kvcache for examples of how

to use this function.
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Supports multi-query and grouped-query attention (MQA/GQA) by passing in
KV with fewer heads

than Q. Note that the number of heads in Q must be divisible by the number
of heads 1in KV.

For example, if Q has 6 heads and K, V have 2 heads, head 0, 1, 2 of Q
will attention to head

® of K, V, and head 3, 4, 5 of Q will attention to head 1 of K, V.

If causal=True, the causal mask is aligned to the bottom right corner of
the attention matrix.
For example, if seqlen_gq = 2 and seqlen_k = 5, the causal mask (1 = keep,
© = masked out) ds:
1 Laswd=1 0
11111
If seqlen_q
00
0]
0]
1
1

If the row of the mask dis all zero, the output will be zero.

5 and seqlen_k = 2, the causal mask is:

H:® © ©

If window_size != (-1, -1), implements sliding window local attention.
Query at position i

will only attend to keys between

[i + seqlen_k - seqlen_gq - window_size[0], i + seqlen_k - seqlen_q +

window_size[1]] inclusive.

Note: Does not support backward pass.

Arguments:
q: (batch_size, seqlen, nheads, headdim)
k_cache: (batch_size_cache, seqlen_cache, nheads_k, headdim) if
there's no block_table,
or (num_blocks, page_block_size, nheads_k, headdim) if there's a
block_table (i.e. paged KV cache)
page_block_size must be a multiple of 256.
v_cache: (batch_size_cache, seqlen_cache, nheads_k, headdim) -if
there's no block_table,
or (num_blocks, page_block_size, nheads_k, headdim) if there's a
block_table (i.e. paged KV cache)
k [optional]: (batch_size, seqlen_new, nheads_k, headdim). If not
None, we concatenate
k with k_cache, starting at the indices specified by cache_seqlens.

v [optional]: (batch_size, seqlen_new, nheads_k, headdim). Similar to
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251
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254
255

256

257
258
259

260
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262

rotary_cos [optional]: (seqlen_ro, rotary_dim / 2). If not None, we
apply rotary embedding
to k and g. Only applicable if k and v are passed in. rotary_dim
must be divisible by 16.
rotary_sin [optional]: (seqlen_ro, rotary_dim / 2). Similar to
rotary_cos.
cache_seqlens: int, or (batch_size,), dtype torch.int32. The sequence
lengths of the
KV cache.
block_table [optional]: (batch_size, max_num_blocks_per_seq), dtype
torch.int32.
cache_batch_1idx: (batch_size,), dtype torch.int32. The indices used to
index into the KV cache.
If None, we assume that the batch indices are [0, 1, 2, ...,
batch_size - 1].
If the indices are not distinct, and k and v are provided, the
values updated in the cache
might come from any of the duplicate indices.
softmax_scale: float. The scaling of QKAT before applying softmax.
Default to 1 / sqrt(headdim).
causal: bool. Whether to apply causal attention mask (e.g., for auto-
regressive modeling).
window_size: (left, right). If not (-1, -1), implements sliding window
local attention.
softcap: float. Anything > 0 activates softcapping attention.
rotary_interleaved: bool. Only applicable if rotary_cos and rotary_sin
are passed 1in.
If True, rotary embedding will combine dimensions 0 & 1, 2 & 3,
etc. If False,
rotary embedding will combine dimensions 0 & rotary_dim / 2, 1 &
rotary_dim / 2 + 1
(i.e. GPT-NeoX style).
alibi_slopes: (nheads,) or (batch_size, nheads), fp32. A bias of
(-alibi_slope * |i + seqlen_k - seqlen_q - j|)
is added to the attention score of query i and key j.
num_splits: int. If > 1, split the key/value into this many chunks
along the sequence.
If num_splits == 1, we don't split the key/value. If num_splits ==
0, we use a heuristic
to automatically determine the number of splits.
Don't change this unless you know what you are doing.
return_softmax_lse: bool. Whether to return the logsumexp of the
attention scores.

Return:

out: (batch_size, seqlen, nheads, headdim).
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softmax_1lse [optional, if return_softmax_lse=True]: (batch_size,
nheads, seqlen). The
logsumexp of each row of the matrix QKAT x scaling (e.g., log of
the softmax

normalization factor).

assert k_cache.stride(-1) == 1, "k_cache must have contiguous last
dimension"
assert v_cache.stride(-1) == 1, "v_cache must have contiguous last

dimension"
g, k, v = [maybe_contiguous(x) for x in (q, k, v)]
if softmax_scale is None:
softmax_scale = g.shape[-1] **x (-0.5)
if cache_seqlens is not None and isinstance(cache_seqlens, int):
cache_seqlens = torch.full(
(k_cache.shape[0],), cache_seqlens, dtype=torch.int32,
device=k_cache.device
)
cache_seqlens = maybe_contiguous(cache_seqlens)
cache_batch_idx = maybe_contiguous(cache_batch_idx)

block_table = maybe_contiguous(block_table)

if fa_version ==
if scheduler_metadata is not None and q_descale is not None \
and k_descale is not None and v_descale is not None:
raise NotImplementedError (
"FA2 does not support scheduler_metadata, q_descale, "
"k_descale, v_descale"
)
out, softmax_lse = torch.ops._vllm_fa2_C.fwd_kvcache(
q, k_cache, v_cache,
k, v, # k_new, v_new
cache_seqlens,
rotary_cos,
rotary_sin,
cache_batch_idx,
cache_leftpad,
block_table,
alibi_slopes,
out,
softmax_scale,
causal,
window_size[0],
window_size[1],
softcap,
rotary_interleaved,
num_splits,



305 )

306 elif fa_version ==

307 assert alibi_slopes is None, "Alibi is not supported in FA3"
308 out, softmax_lse, _, _ = torch.ops._vllm_fa3_C. fwd(
309 q, k_cache, v_cache, # g, k, v

310 k, v, # k_new, v_new

311 None, # qg_v

312 out,

313 None, None, # cu_seqlens_qg, cu_seqglens_k
314 None, # cu_seqlens_k_new

315 None, cache_seqlens, # seqused_qg, seqused_k

316 None, None, # max_seqlen_q, max_seqlen_k
317 block_table,

318 cache_batch_1idx, # kv_batch_idx

319 None, # leftpad_k

320 None, None, # rotary_cos, rotary_sin

321 gq_descale, k_descale, v_descale,

322 softmax_scale,

323 causal,

324 window_size[0], window_size[1],

325 softcap,

326 rotary_interleaved, # rotary_ interleaved

327 scheduler_metadata,

328 num_splits, # num_splits

329 None, # pack_gqga

330 0, # sm_margin

331 )

332 else:

333 raise ValueError (f"Unsupported FA version: {fa_version}")
334 return (out, softmax_lse) if return_softmax_lse else out

FA2 EXTE: https://github.com/vllm-project/flash-
attention/blob/d637d8927a35922ce6f6c0dffedd3f765ed71f3c/flash_attn/flash_attn_interface.py
#L1375

hopper Z2#989 FA3 EX B ARRE: https://github.com/vlim-project/flash-
attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash_attn_interface.py#L
541

SERI . BIAAEA kernel R[E, B2 FA2 1 FA3 RYSSIER @@ R AR L1 1L

FA2: https://github.com/vllm-project/flash-attention/tree/main/csrc/flash_attn/src
flash_fwd_launch_template.h flash_fwd_kernel.h


https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/flash_attn/flash_attn_interface.py#L1375
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/flash_attn/flash_attn_interface.py#L1375
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/flash_attn/flash_attn_interface.py#L1375
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash_attn_interface.py#L541
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash_attn_interface.py#L541
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash_attn_interface.py#L541
https://github.com/vllm-project/flash-attention/tree/main/csrc/flash_attn/src
https://github.com/vllm-project/flash-attention/blob/main/csrc/flash_attn/src/flash_fwd_launch_template.h
https://github.com/vllm-project/flash-attention/blob/main/csrc/flash_attn/src/flash_fwd_kernel.h

FA3: https://github.com/vllm-project/flash-
attention/blob/main/hopper/flash_fwd_launch_template.h https://github.com/vllm-
project/flash-attention/blob/main/hopper/flash_api.cpp https://github.com/vlilm-project/flash-

attention/tree/main/hopper/instantiations

FA2E ORI S ZE

https://github.com/vllm-project/flash-attention/blob/main/csrc/flash_attn/flash_api.cpp

csrc/flash_attn/flash_api.cpp

1 PYBIND11_MODULE (TORCH_EXTENSION_NAME, m) {
2 m.doc() = "FlashAttention";
3 m.def ("fwd", &FLASH_NAMESPACE::mha_fwd, "Forward pass");
4 m.def ("varlen_fwd", &FLASH_NAMESPACE::mha_varlen_fwd, "Forward pass
(variable length)");
m.def ("bwd", &FLASH_NAMESPACE::mha_bwd, "Backward pass'");
m.def ("varlen_bwd", &FLASH_NAMESPACE::mha_varlen_bwd, "Backward pass
(variable length)");
7 m.def ("fwd_kvcache", &FLASH_NAMESPACE: :mha_fwd_kvcache, "Forward pass,
with KV-cache");
8 }
FASZZO R ASE

https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_api.cpp

AT IR

1 PYBIND11_MODULE (TORCH_EXTENSION_NAME, m) {

2 m.doc() = "FlashAttention";

3 m.def ("fwd", &mha_fwd, "Forward pass'");

4 m.def ("bwd", &mha_bwd, "Backward pass");

5 m.def ("fwd_combine'", &mha_combine, "Combine partial attention outputs");
6 m.def ("get_scheduler_metadata", &mha_fwd_get_scheduler_metadata, "Get

scheduler metadata for varlen forward pass");

}

FARSforward /57 28 — MNEWKFlash_fwd_paramsREi2&54, EBNAkernel, 1B2ZFA2
FIFA3BIFlash_fwd_paramsZE{kE X 2R ERY

FA2 https://github.com/vllm-project/flash-
attention/blob/d637d8927a35922ce6f6c0dffodd3f765ed71f3c/csrc/flash_attn/src/flash.h#L48


https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_fwd_launch_template.h
https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_fwd_launch_template.h
https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_api.cpp
https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_api.cpp
https://github.com/vllm-project/flash-attention/tree/main/hopper/instantiations
https://github.com/vllm-project/flash-attention/tree/main/hopper/instantiations
https://github.com/vllm-project/flash-attention/blob/main/csrc/flash_attn/flash_api.cpp
https://github.com/vllm-project/flash-attention/blob/main/hopper/flash_api.cpp
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/csrc/flash_attn/src/flash.h#L48
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/csrc/flash_attn/src/flash.h#L48

FA3 https://github.com/vllm-project/flash-
attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash.h#L37

NRFOZIFEMKGE, FIUEERER EEEERNEHE

Function &0
FA2
Without kvcache
(ARERS
Jx*
* @brief Executes the Flash Attention forward pass with fully explicit
parameters
3 *
* @param dev Device handle for CUDA/CPU device management
5 * Used to identify the device where tensors are
allocated and computation will occur
*
* @param q_ptr Pointer to query tensor data (total_qg, nheads,
headdim) or (batch_size, seqlen_q, nheads, headdim)
8 * For variable length sequences, total_q = sum of all
sequence lengths in batch
9 *
10 * @param k_ptr Pointer to key tensor data (total_k, nheads_k,
headdim) or (batch_size, seqlen_k, nheads_k, headdim)
11 * For KV cache, this points to the cached keys
12 *
13 * @param v_ptr Pointer to value tensor data (total_k, nheads_k,
headdim) or (batch_size, seqlen_k, nheads_k, headdim)
14 * For KV cache, this points to the cached values
15 *
16 * @param o_ptr Pointer to output tensor data (total_qg, nheads,
headdim) or (batch_size, seqlen_q, nheads, headdim)
17 * Will store the result of attention computation
18 *
19 * @param softmax_lse_ptr Pointer to store log-sum-exp values from softmax
computation (nheads, total_qg) or (batch_size, nheads, seqlen_q)
20 * Used for numerical stability and backward pass. Set
to nullptr if not needed.
21 *
22 * @param p_ptr Pointer to store attention matrix (batch_size,
nheads, seqlen_qg, seqlen_k)
23 * Primarily used for debugging or visualization. Set

to nullptr if not needed.


https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash.h#L37
https://github.com/vllm-project/flash-attention/blob/d637d8927a35922ce6f6c0dff6dd3f765ed71f3c/hopper/flash.h#L37
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*

* @param batch_size Number of sequences in the batch

* For fixed length: all sequences have the same length
* For variable length: sequences can have different
lengths

*

* @param seqlen_q Length of each query sequence (for fixed length) or

maximum query sequence length (for variable length)

* In decoder scenarios, typically 1 for
autoregressive generation

*

* @param seqlen_k Length of each key/value sequence (for fixed
length) or maximum key/value sequence length (for variable length)

* In KV cache scenarios, this is the current length

of the cached context

*

* @param num_heads Number of attention heads for query tensor

* Each head performs independent attention computation
*

* @param num_heads_k Number of attention heads for key/value tensors

* For standard attention: equals num_heads

* For multi-query attention (MQA): equals 1

* For grouped-query attention (GQA): equals num_heads

/ group_size

*

* @param head_size Dimension of each attention head
* Typically 64, 80, or 128 in modern architectures
* Must be < 256 for Flash Attention implementation

*
* @param q_batch_stride Stride (in elements) between consecutive batches in

query tensor

* For contiguous tensor: seqglen_q * num_heads *
head_size

*

* @param q_row_stride Stride (in elements) between consecutive rows
(sequences) 1in query tensor

* For contiguous tensor: num_heads * head_size

*

* @param q_head_stride Stride (in elements) between consecutive heads in

query tensor

* For contiguous tensor: head_size

*

* @param k_batch_stride Stride (in elements) between consecutive batches in
key tensor

* For contiguous tensor: seqlen_k * num_heads_k *
head_size

*
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* @param k_row_stride
(sequences) in key tensor
*

*

* @param k_head_stride
key tensor

*

*

* @param v_batch_stride
value tensor

*

head_size

*

* @param v_row_stride

Stride (in elements) between consecutive rows

For contiguous tensor: num_heads_k * head_size

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size

Stride (in elements) between consecutive batches in

For contiguous tensor: seqlen_k * num_heads_k *

Stride (in elements) between consecutive rows

(sequences) 1in value tensor

*
*
* @param v_head_stride

value tensor

*

*

* @param o_batch_stride
output tensor

*

head_size

*

* @param o_row_stride

For contiguous tensor: num_heads_k * head_size

Stride (in elements) between consecutive heads 1in

For contiguous tensor: head_size

Stride (in elements) between consecutive batches in

For contiguous tensor: seqglen_q * num_heads *

Stride (in elements) between consecutive rows

(sequences) 1in output tensor

*

*

* @param o_head_stride
output tensor

*

*

* @param softmax_scale
softmax

*

*

*

* @param p_dropout

*
out during training

*

*

* @param softcap
disable)

For contiguous tensor: num_heads * head_size

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size

Scale factor applied to attention scores before

Typically 1/sqrt(head_size) to normalize variance

Affects the sharpness of attention distribution

Dropout probability (0.0 to 1.0)

Fraction of attention connections to randomly zero

Set to 0.0 for inference or to disable dropout

Softcapping value for attention scores (0.0 to
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* If > 0.0, applies a soft cap to attention scores to

prevent extreme values

* Helps with training stability for very long
sequences

*

* @param is_causal Whether to apply causal attention mask

* If true, each position can only attend to previous

positions (including itself)
* Used in autoregressive models to prevent looking at
future tokens

*

* @param window_size_left Left window size for local attention (-1 for

unlimited)
* If >= 0, limits how far back each query can attend
* Useful for long sequence efficiency or implementing

sliding window attention

*

* @param window_size_right Right window size for local attention (-1 for

unlimited)

* If >= 0, limits how far forward each query can
attend

* Only relevant when 1is_causal=false

*

* @param cu_seqlens_q Cumulative sequence lengths for queries
(batch_size+1)

* Format: [0, lenl, lenl+len2, lenl+len2+len3, ...]
* Used for variable length sequences. Set to nullptr

for fixed length.

*

* @param cu_seqlens_k Cumulative sequence lengths for keys/values
(batch_size+1)

* Format: [0, lenl, lenl+len2, lenl+len2+len3, ...]
* Used for variable length sequences. Set to nullptr

for fixed length.

*

* @param seqused_k Actual sequence usage for keys (batch_size)

* Specifies how much of each sequence in the KV cache
is actually used

* Useful when allocated length exceeds used length.
Set to nullptr if not needed.

*

* @param leftpad_k Left padding for each sequence in key (batch_size)

* Specifies number of padding tokens at the beginning
of each sequence

* Affects position calculations for rotary

embeddings. Set to nullptr if no left padding.

*
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* @param is_seqglens_k_cumulative Whether sequence lengths in cu_seqlens_k are

cumulative

* If true, cu_seqlens_k contains cumulative
lengths

* If false, cu_seqglens_k contains actual

sequence lengths
*
* @param knew_ptr New key tensor data pointer (batch_size,

seqlen_knew, nheads_k, headdim)

* Contains new keys to be appended to the KV cache
* Set to nullptr if not appending to cache

*

* @param vnew_ptr New value tensor data pointer (batch_size,

seqlen_knew, nheads_k, headdim)

* Contains new values to be appended to the KV cache
* Set to nullptr if not appending to cache

*

* @param seqlen_knew Length of new keys/values to append to the cache

* Typically 1 for autoregressive generation, or chunk

size for batch processing

*

* @param knew_batch_stride Stride between batches in new key tensor

* For contiguous tensor: seqlen_knew * num_heads_k *
head_size

*

* @param knew_row_stride  Stride between rows in new key tensor

* For contiguous tensor: num_heads_k * head_size

*

* @param knew_head_stride Stride between heads in new key tensor

* For contiguous tensor: head_size

*

* @param vnew_batch_stride Stride between batches in new value tensor

* For contiguous tensor: seqlen_knew * num_heads_k *
head_size

*

* @param vnew_row_stride Stride between rows in new value tensor

* For contiguous tensor: num_heads_k * head_size

*

* @param vnew_head_stride Stride between heads in new value tensor

* For contiguous tensor: head_size

*

* @param rotary_cos_ptr Cosine table for rotary embeddings (seqlen_ro,
rotary_dim/2)

* Contains precomputed cosine values for rotary

position embeddings
* seqlen_ro should be >= maximum sequence length.
Set to nullptr to disable.



159 *

160 * @param rotary_sin_ptr Sine table for rotary embeddings (seqlen_ro,
rotary_dim/2)
161 * Contains precomputed sine values for rotary

position embeddings

162 * seqlen_ro should be >= maximum sequence length.
Set to nullptr to disable.

163 *

164 * @param rotary_dim Dimension for rotary embeddings (must be <=

head_size and divisible by 16)
165 * Only the first rotary_dim dimensions of each head

will have rotary embeddings

166 * Set to 0 if not using rotary embeddings

167 *

168 * @param is_rotary_interleaved Whether rotary embeddings are interleaved

169 * If true, dimensions are paired as (0,1),
(2,3), etc. (GPT-J style)

170 * If false, dimensions are paired as
(0,rotary_dim/2), (1,rotary_dim/2+1), etc. (GPT-NeoX style)

171 *

172 * @param cache_batch_idx Indices for batch mapping (batch_size)

173 * Maps from logical batch indices to physical
indices in the KV cache

174 * Useful for reordering or sharing KV cache across

requests. Set to nullptr for direct mapping.

175 *

176 * @param block_table Block table for paged KV cache (batch_size,
max_blocks_per_seq)

177 * Contains block indices for each sequence in paged
KV cache

178 * Each row maps logical sequence positions to

physical memory blocks. Set to nullptr for contiguous KV cache.
179 *
180 * @param block_table_batch_stride Stride between batches in block table

181 * For contiguous tensor: max_blocks_per_seq

182 *

183 * @param page_block_size  Size of each block in paged KV cache

184 * Typically 16 or 32 tokens per block

185 * Only relevant when using paged KV cache
(block_table != nullptr)

186 *

187 * @param alibi_slopes_ptr ALiBi position bias slopes (nheads) or

(batch_size, nheads)
188 * Contains slope values for ALiBi positional encoding
189 * Different slopes per head create different
attention patterns. Set to nullptr to disable ALiBi.
190 *
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* @param alibi_slopes_batch_stride Stride between batches in ALiBi slopes

* For contiguous tensor: nheads

* Set to 0 if alibi_slopes is shared across
batch (shape is just (nheads))

*

* @param num_splits Number of splits for computation (0 for auto)

* Splits the key/value tensors into chunks along
sequence dimension

* Helps with memory efficiency for long sequences. 0

means auto-select based on GPU.

*

* @param oaccum_ptr Accumulated output pointer for split computation
(total_q, nheads, headdim)

* Used internally for split-KV optimization

* Set to nullptr unless manually implementing split
computation

*

* @param softmax_lseaccum_ptr Accumulated LSE pointer for split computation
(nheads, total_gq)

* Used internally for split-KV optimization

* Set to nullptr unless manually implementing

split computation

*

* @param is_bflé Whether tensors are in BF16 format (true) or FP16
format (false)

* BF16 has less precision but more range than FP16

* Must accurately reflect the data type of input
tensors

*

* @param unpadded_ lse Whether LSE is in unpadded format

* If true, softmax_lse has shape [nheads, total_q]

for variable length sequences

* If false, softmax_lse has shape [batch_size,
nheads, seqlen_q]

*

* @param seqlenqg_ngroups_swapped Whether q has been transposed for
optimization

* If true, g has been transposed from (b, 1,
(nheads_k, ngroups), d) to (b, ngroups, nheads_k, d)

* Used for specialized optimizations 1in
certain model architectures

*

* @param stream CUDA stream to execute the kernel on

* Allows asynchronous execution and integration with
other CUDA operations

* Set to nullptr to use the current CUDA stream

*



223 * @param force_split_kernel Whether to force using the split kernel

imp lementation

224 * If true, always uses the split-KV optimization
regardless of sequence length

225 * Required for KV cache, paged KV cache, or when
using cache_batch_1idx

226 *

227 * @param return_softmax_lse Whether to return the log-sum-exp values

228 * If true, softmax_lse_ptr must be a valid pointer

229 *

230 * @return Status code (0 for success, non-zero for failure)

231 * Specific error codes depend on the implementation

232 */

233 int run_mha_fwd(

234 voidx dev, // Device handle

235 // Core tensor pointers

236 voidx q_ptr,

237 voidx k_ptr,

238 voidx v_ptr,

239 voidx o_ptr,

240 voidx softmax_lse_ptr = nullptr,

241 voidx p_ptr = nullptr,

242

243 // Dimensions

244 int batch_size = 1,

245 int seglen_q = 0,

246 int seglen_k = 0,

247 int num_heads = 0,

248 int num_heads_k = 0,

249 int head_size = 0,

250

251 // Stride information (in elements, not bytes)

252 int64_t qg_batch_stride = 0,

253 int64_t g_row_stride = 0,

254 int64_t g_head_stride = 0,

55 int64_t k_batch_stride = 0,

256 int64_t k_row_stride = 0,

257 int64_t k_head_stride = 0,

258 int64_t v_batch_stride = 0,

259 int64_t v_row_stride = 0,

260 int64_t v_head_stride = 0,

261 int64_t o_batch_stride = 0,

262 int64_t o_row_stride = 0,

263 int64_t o_head_stride = 0,

264

265 // Scaling parameters

266 float softmax_scale = 0.0f,
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float p_dropout = 0.0f,
float softcap = 0.0f,

// Masking parameters
bool 7s_causal = false,
int window_size_left = -1,

int window_size_right = -1,

// Variable length parameters
int* cu_seqglens_g = nullptr,
intx cu_seqglens_k = nullptr,
intx seqused_k = nullptr,
intx leftpad_k = nullptr,

bool 7s_seqglens_k_cumulative = true,

// KV cache parameters

voidx knew_ptr = nullptr,
void*x vnew_ptr = nullptr,

int seqglen_knew = 0,

int64_t knew_batch_stride = 0,
int64_t knew_row_stride = 0,
int64_t knew_head_stride = 0,
int64_t vnew_batch_stride = 0,
int64_t vnew_row_stride = 0

3
int64_t vnew_head_stride = 0,

// Rotary embedding parameters
void*x rotary_cos_ptr = nullptr,
voidx rotary_sin_ptr = nullptr,
int rotary_dim = 0,

boo'l 7s_rotary_interleaved = true,

// Cache indexing
int* cache_batch_idx = nullptr,

// Paged KV cache parameters

intx block_table = nullptr,

int64_t block_table_batch_stride = 0,
int page_block_size = 0,

// ALTB1 parameters
voidx alibi_slopes_ptr = nullptr,
int64_t alibi_slopes_batch_stride = 0,

// Split computation parameters
int num_splits = 0,
voidx oaccum_ptr = nullptr,
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voidx softmax_lseaccum_ptr = nullptr,

// Miscellaneous flags

bool 7s_bfl6 = false,

bool unpadded_lse = false,

bool seglenq_ngroups_swapped = false,

// Execution parameters
cudaStream_t stream = nullptr,
bool force_split_kernel = false
// Return options

bool return_softmax_lse = false

)3

With kvcache

(ANEES

1 Viz:

2 * @brief Executes Flash Attention forward pass with KV cache

3 *

4 * @param dev Device handle for CUDA/CPU device management
5 * Used to identify the device where tensors are

10
11
12

13

14
15
16
17

18

19

20
21

allocated and computation will occur

*

* @param q_ptr Pointer to query tensor data (batch_size, seqglen_g,
nheads, headdim)

* Current query tokens to compute attention for

* For decoder scenarios, typically has seqlen_qg=1 for

autoregressive generation

*

* @param k_cache_ptr Pointer to key cache tensor data

* For standard KV cache: (batch_size_cache,
seqlen_cache, nheads_k, headdim)

* For paged KV cache: (num_blocks, block_size,
nheads_k, headdim)

* Contains previously processed keys

*

* @param v_cache_ptr Pointer to value cache tensor data

* For standard KV cache: (batch_size_cache,

seqglen_cache, nheads_k, headdim)

* For paged KV cache: (num_blocks, block_size,
nheads_k, headdim)

* Contains previously processed values

*

* @param o_ptr Pointer to output tensor data (batch_size,

seqlen_qg, nheads, headdim)
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*

*

* @param softmax_lse_ptr

nheads, seqglen_q)

*
needed.

*

* @param batch_size
*

*

* @param seglen_q

*

*

* @param seqlen_cache

*
necessarily fully used
*
* @param num_heads
*
*
* @param num_heads_k
*
*
*
/ group_size
*
* @param head_size
*
*
*
* @param q_batch_stride
query tensor
*
head_size
*
* @param q_row_stride
query tensor

*
*
* @param q_head_stride

query tensor

*

*

Will store the result of attention computation

Pointer to store log-sum-exp values (batch_size,

Used for numerical stability. Set to nullptr if not

Number of sequences in the batch

For 1inference scenarios, often set to 1

Length of each query sequence

For autoregressive generation, typically 1

Maximum sequence length in the KV cache

Represents the capacity of the cache, not

Number of attention heads for query tensor

Each head performs independent attention computation
Number of attention heads for key/value tensors

For standard attention: equals num_heads

For multi-query attention (MQA): equals 1
For grouped-query attention (GQA): equals num_heads

Dimension of each attention head
Typically 64, 80, or 128 in modern architectures
Must be < 256 for Flash Attention implementation

Stride (in elements) between consecutive batches in

For contiguous tensor: seqglen_q * num_heads *

Stride (in elements) between consecutive rows in

For contiguous tensor: num_heads * head_size

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size

* @param k_cache_batch_stride Stride between batches in key cache tensor

*

num_heads_k * head_size

*

For contiguous tensor: seqlen_cache *

Ignored for paged KV cache
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94
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*

* @param k_cache_row_stride  Stride between rows in key cache tensor

* For contiguous tensor: num_heads_k * head_size
* For paged KV cache: block_size * num_heads_k *
head_size

*

* @param k_cache_head_stride Stride between heads in key cache tensor

* For contiguous tensor: head_size

*

* @param v_cache_batch_stride Stride between batches in value cache tensor

* For contiguous tensor: seqglen_cache *
num_heads_k * head_size

* Ignored for paged KV cache

* @param v_cache_row_stride Stride between rows in value cache tensor

* For contiguous tensor: num_heads_k * head_size
* For paged KV cache: block_size * num_heads_k *
head_size

*

* @param v_cache_head_stride Stride between heads in value cache tensor
* For contiguous tensor: head_size

*

* @param o_batch_stride  Stride between batches in output tensor

* For contiguous tensor: seqglen_q * num_heads *
head_size

*

* @param o_row_stride Stride between rows 1in output tensor

* For contiguous tensor: num_heads * head_size

*

* @param o_head_stride Stride between heads in output tensor

* For contiguous tensor: head_size

*

* @param softmax_scale Scale factor applied to attention scores before
softmax

* Typically 1/sqrt(head_size) to normalize variance

* Set to 0.0 to use default scale of 1/sqrt(head_size)

*

* @param softcap Softcapping value for attention scores (0.0 to
disable)

* If > 0.0, applies a soft cap to attention scores to

prevent extreme values

*

* @param 7s_causal Whether to apply causal attention mask

* If true, each position can only attend to previous
positions (including itself)

* Used in autoregressive models to prevent looking at
future tokens



98
99

100
101
102

103

104
105
106

107
108
109
110

111
112
113
114
115
116
117
118

119
120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
136

*

* @param window_size_left Left window size for local attention (-1 for
unlimited)

* If >= 0, limits how far back each query can attend

*

* @param window_size_right Right window size for local attention (-1 for

unlimited)

* If >= 0, limits how far forward each query can
attend

* Only relevant when 1is_causal=false

*

* @param k_new_ptr New key tensor data pointer (batch_size,

seqlen_knew, nheads_k, headdim)

* Contains new keys to be appended to the KV cache
* Set to nullptr if not appending to cache

*

* @param v_new_ptr New value tensor data pointer (batch_size,

seqglen_knew, nheads_k, headdim)

* Contains new values to be appended to the KV cache
* Set to nullptr if not appending to cache

*

* @param seqlen_knew Length of new keys/values to append to the cache

* Typically 1 for autoregressive generation

*

* @param k_new_batch_stride Stride between batches in new key tensor

* For contiguous tensor: seqlen_knew * num_heads_k
* head_size

*

* @param k_new_row_stride Stride between rows in new key tensor

* For contiguous tensor: num_heads_k * head_size

*

* @param k_new_head_stride Stride between heads in new key tensor

* For contiguous tensor: head_size

*

* @param v_new_batch_stride Stride between batches in new value tensor

* For contiguous tensor: seqlen_knew * num_heads_k
* head_size

*

* @param v_new_row_stride  Stride between rows in new value tensor

* For contiguous tensor: num_heads_k * head_size

*

* @param v_new_head_stride Stride between heads in new value tensor

* For contiguous tensor: head_size

*

* @param cache_seqlens Current sequence lengths in KV cache (batch_size)
* Specifies the current length of each sequence in

the cache
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166

* Required when appending new keys/values to the cache

*

* @param rotary_cos_ptr Cosine table for rotary embeddings (seqlen_ro,
rotary_dim/2)

* Contains precomputed cosine values for rotary
position embeddings

* seqlen_ro should be >= maximum sequence length. Set
to nullptr to disable.

*

* @param rotary_sin_ptr  Sine table for rotary embeddings (seqlen_ro,
rotary_dim/2)

* Contains precomputed sine values for rotary
position embeddings

* seqlen_ro should be >= maximum sequence length. Set
to nullptr to disable.

*

* @param rotary_dim Dimension for rotary embeddings (must be <=
head_size and divisible by 16)

* Only the first rotary_dim dimensions of each head
will have rotary embeddings

* Set to 0 if not using rotary embeddings

*

* @param 7s_rotary_interleaved Whether rotary embeddings are interleaved

* If true, dimensions are paired as (0,1),
(2,3), etc. (GPT-J style)
* If false, dimensions are paired as

(0, rotary_dim/2), (1,rotary_dim/2+1), etc. (GPT-NeoX style)

*

* @param cache_batch_idx Indices for batch mapping (batch_size)

* Maps from logical batch indices to physical indices
in the KV cache
* Useful for reordering or sharing KV cache across

requests. Set to nullptr for direct mapping.
*
* @param cache_leftpad Left padding for each sequence in cache (batch_size)
* Specifies number of padding tokens at the beginning
of each sequence
* Affects position calculations for rotary
embeddings. Set to nullptr if no left padding.

*

* @param block_table Block table for paged KV cache (batch_size,
max_blocks_per_seq)

* Contains block indices for each sequence in paged
KV cache

* Each row maps logical sequence positions to

physical memory blocks. Set to nullptr for contiguous KV cache.

*
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* @param block_table_batch_stride Stride between batches in block table

* For contiguous tensor: max_blocks_per_seq

*

* @param page_block_size Size of each block in paged KV cache

* Typically 16 or 32 tokens per block

* Only relevant when using paged KV cache
(block_table != nullptr)

*

* @param alibi_slopes_ptr AL7iBi position bias slopes (nheads) or (batch_size,
nheads)

* Contains slope values for ALiBi positional encoding

* Different slopes per head create different
attention patterns. Set to nullptr to disable AL7B7.

*

* @param alibi_slopes_batch_stride Stride between batches in ALiBi slopes

* For contiguous tensor: nheads

* Set to 0 if alibi_slopes is shared across
batch (shape is just (nheads))

*

* @param num_splits Number of splits for computation (0 for auto)

* Splits the key/value tensors into chunks along
sequence dimension

* Helps with memory efficiency for long sequences. 0
means auto-select based on GPU.

*

* @param oaccum_ptr Accumulated output pointer for split computation

* Used internally for split-KV optimization

* Set to nullptr unless manually implementing split
computation

*

* @param softmax_lseaccum_ptr Accumulated LSE pointer for split computation
* Used internally for split-KV optimization

* Set to nullptr unless manually implementing

split computation

*

* @param 7s_bflé Whether tensors are in BF16 format (true) or FP16
format (false)

* BF16 has less precision but more range than FP16

* Must accurately reflect the data type of input
tensors

*

* @param stream CUDA stream to execute the kernel on

* Allows asynchronous execution and integration with

other CUDA operations
* Set to nullptr to use the current CUDA stream

*

* @param return_softmax_lse Whether to return the log-sum-exp values



203 * If true, softmax_lse_ptr must be a valid pointer
204 *

205 * @return Status code (0 for success, non-zero for failure)
206 */

207 int run_mha_fwd_kvcache(

208 voidx dev, // Device handle
209

210 // Core tensor pointers

211 voidx q_ptr,

212 voidx k_cache_ptr,

213 voidx v_cache_ptr,

214 voidx o_ptr,

215 voidx softmax_lse_ptr = nullptr,
216

217 // Dimensions

218 int batch_size = 1,

219 int seqlen_q = 1,

220 int seqlen_cache = 0,

221 int num_heads = 0,

222 int num_heads_k = 0,

223 int head_size = 0,

224

225 // Stride information (in elements, not bytes)
226 int64_t q_batch_stride = 0,

227 int64_t q_row_stride = 0,

228 int64_t q_head_stride = 0,

229 int64_t k_cache_batch_stride = 0,
230 int64_t k_cache_row_stride = 0,
231 int64_t k_cache_head_stride = 0,
232 int64_t v_cache_batch_stride = 0,
233 int64_t v_cache_row_stride = 0,
234 int64_t v_cache_head_stride = 0,
235 int64_t o_batch_stride = 0,

236 int64_t o_row_stride = 0,

237 int64_t o_head_stride = 0,

238

239 // Scaling parameters

240 float softmax_scale = 0.0f,

241 float softcap = 0.0f,

242

243 // Masking parameters

244 bool 1is_causal = true,

245 int window_size_left = -1,

246 int window_size_right = -1,

247

248 // New KV parameters

249 voidx k_new_ptr = nullptr,
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voidx v_new_ptr = nullptr,

int seqlen_knew = 0,

int64_t k_new_batch_stride = 0,
int64_t k_new_row_stride = 0,

int64_t k_new_head_stride = 0,
int64_t v_new_batch_stride = 0,

int64_t
int64_t

V_nhew_row_stride = 0

)
v_new_head_stride = 0,

// KV cache parameters
intx cache_seqlens = nullptr,
// Rotary embedding parameters
voidx rotary_cos_ptr = nullptr,
voidx rotary_sin_ptr = nullptr,
int rotary_dim = 0,

bool 1is_rotary_interleaved = true,

// Cache indexing
intx cache_batch_idx = nullptr,

int* cache_leftpad = nullptr,

// Paged KV cache parameters

intx block_table = nullptr,

int64_t block_table_batch_stride =
int page_block_size = 0,

// ALiBi parameters

voidx alibi_slopes_ptr = nullptr,
int64_t alibi_slopes_batch_stride =
// Split computation parameters

int num_splits = 0,

voidx oaccum_ptr = nullptr,

voidx softmax_lseaccum_ptr = nullpt

// Data type flags
bool 1is_bfl6 = false,

// Execution parameters
cudaStream_t stream = nullptr,
// Return options

bool return_softmax_1lse = false

0,

o,

r,



Withoutkvecache
(ARERS
Jx*
* @brief Executes the Flash Attention 3 forward pass with fully explicit
parameters
3 *
* @param dev Device handle for CUDA/CPU device management
5 * Used to identify the device where tensors are
allocated and computation will occur
*
* @param q_ptr Pointer to query tensor data (total_gq, nheads,
headdim) or (batch_size, seqlen_q, nheads, headdim)
8 * For variable length sequences, total_q = sum of all
sequence lengths in batch
9 *
10 * @param k_ptr Pointer to key tensor data (total_k, nheads_k,
headdim) or (batch_size, seqlen_k, nheads_k, headdim)
11 * For KV cache, this points to the cached keys
12 *
13 * @param v_ptr Pointer to value tensor data (total_k, nheads_k,
headdim_v) or (batch_size, seqglen_k, nheads_k, headdim_v)
14 * For KV cache, this points to the cached values
15 * Note: headdim_v can be different from headdim in FA3
16 *
17 * @param o_ptr Pointer to output tensor data (total_qg, nheads,
headdim_v) or (batch_size, seqlen_q, nheads, headdim_v)
18 * Will store the result of attention computation
19 *
20 * @param softmax_lse_ptr Pointer to store log-sum—exp values from softmax
computation (nheads, total_qg) or (batch_size, nheads, seqlen_q)
21 * Used for numerical stability and backward pass. Set
to nullptr 7if not needed.
22 *
23 * @param batch_size Number of sequences in the batch
24 * For fixed length: all sequences have the same length
25 * For variable length: sequences can have different
lengths
26 *
27 * @param seqlen_gq Length of each query sequence (for fixed length) or
maximum query sequence length (for variable length)
28 * In decoder scenarios, typically 1 for

29

autoregressive generation

*
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* @param seqlen_k

Length of each key/value sequence (for fixed

length) or maximum key/value sequence length (for variable length)

*
of the cached context
*
* @param num_heads
*
*
* @param num_heads_k
*
*
*
/ group_size
*
* @param head_size
*
*
*
* @param head_size_v
*
*
*
* @param q_batch_stride
query tensor
*
head_size
*

* @param q_row_stride

In KV cache scenarios, this is the current length

Number of attention heads for query tensor
Each head performs independent attention computation

Number of attention heads for key/value tensors

For standard attention: equals num_heads

For multi-query attention (MQA): equals 1

For grouped-query attention (GQA): equals num_heads

Dimension of each attention head for query/key
Typically 64, 80, or 128 in modern architectures
Must be < 256 for Flash Attention implementation
Dimension of each attention head for value/output
Can be different from head_size in FA3

Set to O to use the same value as head_size

Stride (in elements) between consecutive batches in

For contiguous tensor: seqglen_q * num_heads *

Stride (in elements) between consecutive rows

(sequences) 1in query tensor

*
*
* @param q_head_stride

query tensor

*

*

* @param k_batch_stride
key tensor

*
head_size

*

* @param k_row_stride
(sequences) in key tensor

*

*

* @param k_head_stride
key tensor

*

For contiguous tensor: num_heads * head_size

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size

Stride (in elements) between consecutive batches in

For contiguous tensor: seqlen_k * num_heads_k *

Stride (in elements) between consecutive rows

For contiguous tensor: num_heads_k * head_size

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size
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*
* @param v_batch_stride

value tensor

*

head_size_v

*

* @param v_row_stride

Stride (in elements) between consecutive batches in

For contiguous tensor: seqlen_k * num_heads_k *

Stride (in elements) between consecutive rows

(sequences) 1in value tensor

*

*

* @param v_head_stride
value tensor

*

*

* @param v_dim_stride
in value tensor

*

*

*

* @param o_batch_stride
output tensor

*
head_size_v

*

* @param o_row_stride

For contiguous tensor: num_heads_k * head_size_v

Stride (in elements) between consecutive heads 1in

For contiguous tensor: head_size_v

Stride (in elements) between consecutive dimensions

For row-major: 1, for column-major: v_head_stride

FA3 supports column-major layout for value tensor

Stride (in elements) between consecutive batches in

For contiguous tensor: seqglen_q * num_heads *

Stride (in elements) between consecutive rows

(sequences) in output tensor

*
*
* @param o_head_stride

output tensor

*
*
* @param softmax_scale

softmax

*

*

*

* @param softcap
disable)

*

prevent extreme values

*

sequences
*

* @param is_causal

*

For contiguous tensor: num_heads * head_size_v

Stride (in elements) between consecutive heads in

For contiguous tensor: head_size_v

Scale factor applied to attention scores before

Typically 1/sqrt(head_size) to normalize variance
Affects the sharpness of attention distribution

Softcapping value for attention scores (0.0 to

If > 0.0, applies a soft cap to attention scores to

Helps with training stability for very long

Whether to apply causal attention mask

If true, each position can only attend to previous

positions (including itself)
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114
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116
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119
120
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126
127
128
129

130
131

* Used in autoregressive models to prevent looking at
future tokens

*

* @param window_size_left Left window size for local attention (-1 for

unlimited)
* If >= 0, limits how far back each query can attend
* Useful for long sequence efficiency or implementing

sliding window attention

*

* @param window_size_right Right window size for local attention (-1 for

unlimited)

* If >= 0, limits how far forward each query can
attend

* Only relevant when 1is_causal=false

*

* @param cu_seqglens_q Cumulative sequence lengths for queries
(batch_size+1)

* Format: [0, lenl, lenl+len2, lenl+len2+len3, ...]
* Used for variable length sequences. Set to nullptr

for fixed length.

*

* @param cu_seqglens_k Cumulative sequence lengths for keys/values
(batch_size+1)

* Format: [0, lenl, lenl+len2, lenl+len2+len3, ...]
* Used for variable length sequences. Set to nullptr

for fixed length.

*

* @param cu_seqlens_knew Cumulative sequence lengths for new keys/values
(batch_size+1)

* Used when appending to KV cache with variable
length sequences

*

* @param seqused_q Actual sequence usage for queries (batch_size)

* Specifies how much of each sequence is actually used
* New in FA3: allows specifying active sequence
lengths

*

* @param seqused_k Actual sequence usage for keys (batch_size)

* Specifies how much of each sequence in the KV cache

is actually used

* Useful when allocated length exceeds used length

*

* @param leftpad_k Left padding for each sequence in key (batch_size)
* Specifies number of padding tokens at the beginning

of each sequence
* Affects position calculations for rotary embeddings

*



132

133

134
135
136
137
138
139

140
141
142

143
144
145

146
147
148

149

150

151
152

153

154
155

156
157
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160
161
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163
164
165

* @param qv_ptr Pointer to fused QV tensor for QV attention
(total_q, nheads, headdim_v) or nullptr

* New in FA3: allows fused QV computation for certain
architectures

*

* @param qv_batch_stride Stride between batches in QV tensor

* @param qv_row_stride Stride between rows in QV tensor

* @param qv_head_stride Stride between heads in QV tensor

*

* @param q_descale_ptr Pointer to query descaling factors (batch_size,
nheads) or nullptr

* Used for FP8 precision scaling in FA3

*

* @param k_descale_ptr Pointer to key descaling factors (batch_size,
nheads_k) or nullptr

* Used for FP8 precision scaling in FA3

*

* @param v_descale_ptr Pointer to value descaling factors (batch_size,

nheads_k) or nullptr

* Used for FP8 precision scaling in FA3

*

* @param q_descale_batch_stride Stride between batches in query descaling
factors

* @param q_descale_head_stride Stride between heads in query descaling
factors

* @param k_descale_batch_stride Stride between batches in key descaling
factors

* @param k_descale_head_stride Stride between heads in key descaling factors

* @param v_descale_batch_stride Stride between batches in value descaling
factors

* @param v_descale_head_stride Stride between heads in value descaling
factors

*

* @param knew_ptr New key tensor data pointer (batch_size,
seqglen_knew, nheads_k, headdim)

* Contains new keys to be appended to the KV cache

*

* @param vnew_ptr New value tensor data pointer (batch_size,
seqglen_knew, nheads_k, headdim_v)

* Contains new values to be appended to the KV cache
*

* @param seqlen_knew Length of new keys/values to append to the cache

* Typically 1 for autoregressive generation, or chunk

size for batch processing
*
* @param knew_batch_stride Stride between batches in new key tensor

* @param knew_row_stride  Stride between rows in new key tensor
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168
169
170
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172

173
174

175

176
177

178

179
180
181

182

183
184
185

186
187

188

189
190
191
192
193

194

195

196

197

198

* @param knew_head_stride Stride between heads in new key tensor

* @param vnew_batch_stride Stride between batches in new value tensor
* @param vnew_row_stride Stride between rows in new value tensor

* @param vnew_head_stride Stride between heads in new value tensor

*

* @param rotary_cos_ptr Cosine table for rotary embeddings (seqlen_ro,
rotary_dim/2)
* Contains precomputed cosine values for rotary

position embeddings

*

* @param rotary_sin_ptr Sine table for rotary embeddings (seqlen_ro,
rotary_dim/2)
* Contains precomputed sine values for rotary

position embeddings

*

* @param rotary_dim Dimension for rotary embeddings (must be <=
head_size and divisible by 16)

* Only the first rotary_dim dimensions of each head
will have rotary embeddings

*

* @param is_rotary_interleaved Whether rotary embeddings are interleaved

* If true, dimensions are paired as (0,1),
(2,3), etc. (GPT-J style)
* If false, dimensions are paired as

(0,rotary_dim/2), (1,rotary_dim/2+1), etc. (GPT-NeoX style)

*

* @param kv_batch_idx Indices for batch mapping (batch_size)

* Maps from logical batch indices to physical

indices in the KV cache

*

* @param page_table Block table for paged KV cache (batch_size,
max_blocks_per_seq)

* Contains block indices for each sequence in paged
KV cache

*

* @param page_table_batch_stride Stride between batches in block table

* @param page_size Size of each page in paged KV cache

* @param num_pages Total number of pages in paged KV cache

* @param pagedkv_tma Whether to use TMA (Tensor Memory Access) for
paged KV cache

* TMA is a hardware feature in NVIDIA Hopper
architecture

*

* @param num_splits Number of splits for computation (0 for auto)

* Splits the key/value tensors into chunks along

sequence dimension

*
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204
205

206

207
208

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

234
235
236
237
238

* @param pack_gqa

optimization

*

*

Whether to pack grouped-query attention for

New in FA3: allows specialized GQA implementation

* @param scheduler_metadata Pointer to scheduler metadata for varlen

optimization

*

information

*

* @param sm_margin

none)

*

New in FA3: allows precomputed scheduling

Number of SMs to reserve for communication (0 for

New in FA3: allows reserving SMs for communication

in multi-GPU scenarios

*

* @param is_bfl6
format (false)
* @param is_1p32

* @param is_e4dm3

*

* @param stream

*

Whether tensors are in BF16 format (true) or FP16

Whether tensors are in FP32 format
Whether tensors are in E4M3 (FP8) format

CUDA stream to execute the kernel on

* @return Status code (0 for success, non-zero for failure)

74

int run_

mha_ fwd (

void* dev,

// Device handle

// Core tensor pointers

void* q_ptr,

void* k_ptr,

void* v_ptr,

void* o_ptr,

void*

// Dimensions

int
int
int
int
int
int

int

batch_size
seqglen_qg =
seqlen_k =

num_heads
num_heads_k

head_size

head_size_v

head_size

softmax_lse_ptr = nullptr,

= l’
9,
9,

=0, // New in FA3: can be different from

// Stride information (in elements, not bytes)
int64_t q_batch_stride = 0,

int64_t q_row_stride = 0,

int64_t q_head_stride = 0,



239
240
241
242
243
244
245

246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284

int64_t k_batch_stride = 0,
int64_t k_row_stride = 0,
int64_t k_head_stride = 0,
int64_t v_batch_stride = 0,
int64_t v_row_stride = 0,
int64_t v_head_stride = 0,
int64_t v_dim_stride = 1,
layout
int64_t o_batch_stride = 0,
int64_t o_row_stride = 0,
int64_t o_head_stride = 0,

// Scaling parameters
float softmax_scale =
float softcap = 0.0f,

0.0f,

// Masking parameters
bool is_causal = false,
int window_size_left = -1,
int window_size_right = -1,
// Variable length parameters

int* cu_seqlens_q = nullptr,

int* cu_seqlens_k = nullptr,

int* cu_seqlens_knew = nullptr,

Tht*

Tnt*

int*

// QV fusion parameters

seqused_q =

seqused_k
leftpad_k

voidx qv_ptr =
inté64_t qv_batch_stride = 0,
int64_t qv_row_stride = 0,

int64_t qv_head_stride = 0,

nullptr,

nullptr,

nullptr,

(new in

nullptr,

// New in FA3: supports column-major

// New in FA3
// New in FA3

FA3)

// Descaling parameters for FP8 (new in FA3)

float* g_descale_ptr =
float*x k_descale_ptr
float* v_descale_ptr
inté64_t
inté4_t
inte4_t
inté64_t
int64_t
inté4_t

nullptr,

nullptr,
nullptr,

g_descale_batch_stride
g_descale_head_stride =
k_descale_batch_stride
k_descale_head_stride =
v_descale_batch_stride

v_descale_head_stride =

// KV cache parameters

=0,
0,

=0,
9,

=0,
0,



285 void* knew_ptr = nullptr,

286 void* vnew_ptr = nullptr,
287 int seqglen_knew = 0,
288 int64_t knew_batch_stride = 0,
289 int64_t knew_row_stride = 0,
290 int64_t knew_head_stride = 0,
291 int64_t vnew_batch_stride = 0,
292 inté64_t vnew_row_stride = 0,
293 int64_t vnew_head_stride = 0,
294
295 // Rotary embedding parameters
296 voidx rotary_cos_ptr = nullptr,
297 void* rotary_sin_ptr = nullptr,
298 int rotary_dim = 0,
299 bool is_rotary_interleaved = true,
300
301 // Cache indexing
302 int* kv_batch_1idx = nullptr,
303
304 // Paged KV cache parameters
305 int* page_table = nullptr,
306 int64_t page_table_batch_stride = 0,
307 int page_size = 0,
308 int num_pages = 0,
309 bool pagedkv_tma = false, // New in FA3: TMA support
310
311 // Split computation parameters
312 int num_splits = 1,
313 bool pack_gga = false, // New in FA3
314 void* scheduler_metadata = nullptr, // New in FA3
315 int sm_margin = 0, // New in FA3
316
317 // Data type flags
318 bool is_bfl6 = false,
319 bool is_fp32 = false,
320 bool 1is_e4m3 = false, // New in FA3: FP8 support
321
322 // Execution parameters
323 cudaStream_t stream = nullptr
324 );
Withkveache
AGIR
1 Vaz:

2 * @brief Executes the Flash Attention 3 forward pass with KV cache
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* @param dev Device handle for CUDA/CPU device management

*

* @param q_ptr Pointer to query tensor data (batch_size, seqglen_gq,
nheads, headdim)

* Current query tokens to compute attention for

*

* @param k_cache_ptr Pointer to key cache tensor data

* For standard KV cache: (batch_size_cache,

seqlen_cache, nheads_k, headdim)

* For paged KV cache: (num_blocks, page_size,
nheads_k, headdim)

*

* @param v_cache_ptr Pointer to value cache tensor data

* For standard KV cache: (batch_size_cache,
seqlen_cache, nheads_k, headdim_v)

* For paged KV cache: (num_blocks, page_size,
nheads_k, headdim_v)

*

* @param o_ptr Pointer to output tensor data (batch_size,
seqlen_qg, nheads, headdim_v)

* Will store the result of attention computation

*

* @param softmax_lse_ptr Pointer to store log-sum-exp values (batch_size,

nheads, seqglen_q)

* Used for numerical stability. Set to nullptr if not
needed.

*

* @param batch_size Number of sequences in the batch

* @param seqglen_q Length of each query sequence (typically 1 for
autoregressive generation)

* @param seqglen_cache Maximum sequence length in the KV cache

* @param num_heads Number of attention heads for query tensor

* @param num_heads_k Number of attention heads for key/value tensors
(for MQA/GQA)

* @param head_size Dimension of each attention head for query/key

* @param head_size_v Dimension of each attention head for value/output

(can be different from head_size)

*

* @param q_batch_stride  Stride between batches in query tensor

* @param q_row_stride Stride between rows in query tensor

* @param q_head_stride Stride between heads in query tensor

* @param k_cache_batch_stride Stride between batches in key cache tensor
(ignored for paged KV cache)

* @param k_cache_row_stride Stride between rows in key cache tensor

* @param k_cache_head_stride Stride between heads in key cache tensor
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* @param v_cache_batch_stride Stride between batches in value cache tensor
(ignored for paged KV cache)

* @param v_cache_row_stride  Stride between rows in value cache tensor

* @param v_cache_head_stride Stride between heads in value cache tensor

* @param v_cache_dim_stride Stride between dimensions in value cache tensor
(for column-major layout)

* @param o_batch_stride  Stride between batches in output tensor

* @param o_row_stride Stride between rows in output tensor

* @param o_head_stride Stride between heads in output tensor
*

* @param softmax_scale Scale factor for attention scores

* @param softcap Softcapping value (0.0 to disable)

*

* @param is_causal Whether to apply causal attention mask

* @param window_size_left Left window size for local attention (-1 for
unlimited)

* @param window_size_right Right window size for local attention (-1 for
unlimited)

*

* @param k_new_ptr New key tensor data pointer (batch_size,
seqlen_k_new, nheads_k, headdim)

* Contains new keys to be appended to the KV cache

*

* @param v_new_ptr New value tensor data pointer (batch_size,

seqlen_k_new, nheads_k, headdim_v)

* Contains new values to be appended to the KV cache
*

* @param seqglen_k_new Length of new keys/values to append to the cache

* Typically 1 for autoregressive generation

* @param k_new_batch_stride Stride between batches in new key tensor

* @param k_new_row_stride Stride between rows in new key tensor

* @param k_new_head_stride Stride between heads in new key tensor

* @param v_new_batch_stride Stride between batches in new value tensor

* @param v_new_row_stride  Stride between rows in new value tensor

* @param v_new_head_stride Stride between heads in new value tensor

*

* @param qv_ptr Pointer to fused QV tensor for QV attention
(batch_size, seqlen_q, nheads, headdim_v)

* New in FA3: allows fused QV computation for certain
architectures

*

* @param qv_batch_stride Stride between batches in QV tensor

* @param qv_row_stride Stride between rows in QV tensor

* @param qv_head_stride Stride between heads in QV tensor

*
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* @param q_descale_ptr Pointer to query descaling factors (batch_size,
nheads) or nullptr

* @param k_descale_ptr Pointer to key descaling factors (batch_size,
nheads_k) or nullptr

* @param v_descale_ptr Pointer to value descaling factors (batch_size,

nheads_k) or nullptr

*

* @param cache_seqlens Current sequence lengths in KV cache (batch_size)
* Specifies the current length of each sequence in
the cache

*

* @param rotary_cos_ptr  Cosine table for rotary embeddings (seqlen_ro,
rotary_dim/2)

* @param rotary_sin_ptr  Sine table for rotary embeddings (seqglen_ro,
rotary_dim/2)

* @param rotary_dim Dimension for rotary embeddings (must be <=
head_size and divisible by 16)

* @param is_rotary_interleaved Whether rotary embeddings are interleaved

*

* @param cache_batch_idx Indices for batch mapping (batch_size)

* Maps from logical batch indices to physical indices
in the KV cache

*

* @param cache_leftpad Left padding for each sequence in cache (batch_size)

* Specifies number of padding tokens at the beginning

of each sequence

*

* @param page_table Block table for paged KV cache (batch_size,
max_blocks_per_seq)

* Contains block indices for each sequence in paged
KV cache

*

* @param page_table_batch_stride Stride between batches in block table

* @param page_size Size of each page in paged KV cache
* @param pagedkv_tma Whether to use TMA (Tensor Memory Access) for paged
KV cache

*

* @param scheduler_metadata Pointer to scheduler metadata for varlen

optimization

*

* @param num_splits Number of splits for computation (0 for auto)

* @param pack_gqga Whether to pack grouped-query attention for
optimization

* @param sm_margin Number of SMs to reserve for communication (0 for
none)

*
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* @param is_bfl6 Whether tensors are in BF16 format (true) or FP16
format (false)

* @param is_1p32 Whether tensors are in FP32 format

* @param is_e4m3 Whether tensors are in E4M3 (FP8) format
*

* @param stream CUDA stream to execute the kernel on

*

* @param return_softmax_lse Whether to return the log-sum-exp values

*
* @return Status code (0 for success, non-zero for failure)
*/
int run_mha_fwd_kvcache(
voidx dev, // Device handle

// Core tensor pointers

voidx qg_ptr,

voidx k_cache_ptr,

voidx v_cache_ptr,

voidx o_ptr,

void* softmax_lse_ptr = nullptr,

// Dimensions

int batch_size = 1,
int seqlen_q = 1,

int seqlen_cache = 0,
int num_heads = 0,
int num_heads_k = 0,
int head_size = 0,

int head_size_v = 0,

// Stride information (in elements, not bytes)
int64_t q_batch_stride = 0,
int64_t gq_row_stride = 0,

int64_t q_head_stride = 0,
int64_t k_cache_batch_stride = 0,
int64_t k_cache_row_stride = 0,
int64_t k_cache_head_stride = 0,
int64_t v_cache_batch_stride = 0,
int64_t v_cache_row_stride = 0,
int64_t v_cache_head_stride = 0,
int64_t v_cache_dim_stride = 1,
int64_t o_batch_stride = 0,
int64_t o_row_stride = 0,

int64_t o_head_stride = 0,

// Scaling parameters
float softmax_scale = 0.0f,



152 float softcap = 0.0f,

153

154 // Masking parameters

155 bool 1is_causal = false,

156 int window_size_left = -1,

157 int window_size_right = -1,

158

159 // New KV parameters

160 voidx k_new_ptr = nullptr,

161 voidx v_new_ptr = nullptr,

162 int seqlen_k_new = 0,

163 int64_t k_new_batch_stride = 0,
164 int64_t k_new_row_stride = 0,
165 int64_t k_new_head_stride = 0,
166 int64_t v_new_batch_stride = 0,
167 int64_t v_new_row_stride = 0,
168 int64_t v_new_head_stride = 0,
169

170 // QV fusion parameters

171 voidx qv_ptr = nullptr,

172 int64_t qv_batch_stride = 0,
173 int64_t qv_row_stride = 0,

174 int64_t qv_head_stride = 0,

175

176 // Descaling parameters for FP8
177 floatx g_descale_ptr = nullptr,
178 float* k_descale_ptr = nullptr,
179 floatx v_descale_ptr = nullptr,
180

181 // KV cache parameters

182 intx cache_seqlens = nullptr,
183

184 // Rotary embedding parameters
185 voidx rotary_cos_ptr = nullptr,
186 void*x rotary_sin_ptr = nullptr,
187 int rotary_dim = 0,

188 bool 1is_rotary_interleaved = true,
189

190 // Cache indexing

191 intx cache_batch_idx = nullptr,
192 int* cache_leftpad = nullptr,
193

194 // Paged KV cache parameters
195 int* page_table = nullptr,

196 int64_t page_table_batch_stride = 0,
197 int page_size = 0,

198 bool pagedkv_tma = false,



199

200 // Scheduler metadata
201 void*x scheduler_metadata = nullptr,
202
203 // Split computation parameters
204 int num_splits = 0,
205 bool pack_gga = false,
206 int sm_margin = 0,
207
208 // Data type flags
209 bool 1is_bfl6 = false,
210 bool 1is_fp32 = false,
211 bool 1is_e4m3 = false,
212
213 // Execution parameters
214 cudaStream_t stream = nullptr,
215
216 // Return options
217 bool return_softmax_lse = false
218 )
ISSUE

O £ cuda kernel Z&1&% tensor &7 contiguous
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1 @staticmethod
2 def forward(ctx, g, k, v, cu_seqlens_q, cu_seqlens_k, max_seqlen_q,

max_seqlen_k, ...):
3 # ...
4 q, k, v = [maybe_contiguous(x) for x in (q, k, v)]
5 # ...

() cuda FA2 735 FP16. BF16 A1 FP32 ;¥ S #iEeaY,
(O cuda FA3 (SMOO+ZE#3) , Emyhb%3% E4AM3 (FP8 18K, 4 g%k, 3 (EE)

_C::fused_add_rms_norm|[vLLM]

VLLM STRZAVIZEOSSH . https://github.com/vlim-
project/vllm/blob/b0ccfc565ac263b4097175b3ba33ad1d5dc5df8a/csrc/layernorm_kernels.cu#l
52


https://github.com/vllm-project/vllm/blob/b0ccfc565ac263b4097175b3ba33ad1d5dc5df8a/csrc/layernorm_kernels.cu#L52
https://github.com/vllm-project/vllm/blob/b0ccfc565ac263b4097175b3ba33ad1d5dc5df8a/csrc/layernorm_kernels.cu#L52
https://github.com/vllm-project/vllm/blob/b0ccfc565ac263b4097175b3ba33ad1d5dc5df8a/csrc/layernorm_kernels.cu#L52
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RIGIR

1 Jx*

2 * @brief Performs fused add and RMS normalization

3 *

4 * @param dev Device handle for CUDA/CPU device management
5 * @param input First input tensor

6 * @param residual Second 1input tensor to be added to the first
7 * @param weight Scale factors applied after normalization

8 * @param out_sizes Output tensor sizes

9 * @param out_strides Output tensor strides

10 * @param input_sizes First input tensor sizes

11 * @param input_strides First input tensor strides

12 * @param residual_sizes Second input tensor sizes

13 * @param residual_strides Second input tensor strides

14 * @param weight_sizes Weight tensor sizes

15 * @param weight_strides Weight tensor strides

16 * @param ndims Number of dimensions in the tensors

17 * @param epsilon Small constant added for numerical stability
18 * @param num_tokens Number of tokens in the input tensor

19 * @param hidden_size Size of the last dimension in the input tensor
20 * @param out_dtype Data type of output tensor
21 * @param input_dtype Data type of input tensors

22 * @param residual_dtype Data type of residual tensor

28 * @param weight_dtype Data type of weight tensor

24 *

25 * @note This function:

26 * 1. Adds input and residual tensors

27 * 2. Computes RMS normalization on the sum

28 * 3. Applies weight scaling

29 * 4. Stores the result in the input tensor

30 * 5. Optionally updates the residual tensor with the sum

31 x/

32 void fused_add_rms_norm_kernel(

33 voidx dev, // Device handle

34 voidx 7nput, // First input tensor data pointer
35 voidx residual, // Second input tensor data pointer
36 const void* weight, // Weight tensor data pointer

37 const int64_tx 7input_sizes, // First input tensor sizes

38 const int64_tx 7Tnput_strides, // First input tensor strides

39 const int64_tx residual_sizes, // Second input tensor sizes
40 const int64_tx residual_strides,// Second input tensor strides
41 const int64_tx weight_sizes, // Weight tensor sizes
42 const int64_tx weight_strides, // Weight tensor strides
43 int ndims, // Number of dimensions in tensors
44 float epsilon, // Small constant for numerical stability



45 int num_tokens,
46 int hidden_size,
tensor
47 int 7nput_dtype,
48 int residual_dtype,
49 int weight_dtype,
50 bool 7nplace_residual
51 )3
ISSUE

// Number of tokens in the input tensor

// Size of the last dimension in the input

// Data type of input tensors

// Data type of residual tensor

// Data type of weight tensor

// Whether to update residual in-place

() ZHEABERAKEA float32 floatl6 bfloatl6

(J M vllm/model_executor/layers/layernorm.py JA%&, input, residual, weight &/
contiguous /5, BRAMKILIMBZHEFIF contiguous

_Carms_norm[vLLM]

SCMBE : https://github.com/vlim-

project/vllm/blob/cec8c7d7f8753d13737427ceb5cebe987f5f0549/csrc/layernorm_kernels.cu#L1
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VA z:

* @brief
*

* (@param
@param
* @param
* @param
* (@param

O© 0o N O U b W N
%

* (@param

10 * @param
11 * (@param
12 * @param
13 * @param
14 * @param
15 * (@param
16 * (@param
17 * (@param
18 * @param
19 * (@param

Performs RMS (Root Mean Square) normalization on input tensor

dev

out

input

weight
out_sizes
out_strides
input_sizes
input_strides
weight_sizes
weight_strides
ndims

epsilon
num_tokens
hidden_size
out_dtype
input_dtype

Device handle for CUDA/CPU device management
Output tensor to store the normalized result
Input tensor to be normalized

Scale factors applied after normalization
Output tensor sizes

Output tensor strides (can be non-contiguous)
Input tensor sizes

Input tensor strides (can be non-contiguous)
Weight tensor sizes

Weight tensor strides

Number of dimensions in the input/output tensors
Small constant added for numerical stability
Number of tokens in the input tensor

Size of the last dimension in the input tensor
Data type of output tensor

Data type of input tensor


https://github.com/vllm-project/vllm/blob/cec8c7d7f8753d13737427ceb5cebe987f5f0549/csrc/layernorm_kernels.cu#L17
https://github.com/vllm-project/vllm/blob/cec8c7d7f8753d13737427ceb5cebe987f5f0549/csrc/layernorm_kernels.cu#L17
https://github.com/vllm-project/vllm/blob/cec8c7d7f8753d13737427ceb5cebe987f5f0549/csrc/layernorm_kernels.cu#L17
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48
49
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ISSUE
() BB float32 floatl6 bfloatl6

*

*

*

*

*

*

@param weight_dtype Data type of weight tensor

@note Memory Layout:

- Fully supports non-contiguous tensors

- Handles arbitrary strides efficiently

- Optimized for both contiguous and non-contiguous cases

@note Behavior:

- Normalizes using RMS (sqrt of mean of squares)

- Applies weight scaling after normalization

- Supports different data types for input, output, and weight

- Optimized implementations for different hardware and data types

*/

void rms_norm_kernel(

void* dev,

void* out,

const void* input,

const void* weight,

const inté64_t* out_sizes,
const inté64_t* out_strides,

const int64_t* input_sizes,

// Device handle

// Output tensor data pointer
// Input tensor data pointer
// Weight tensor data pointer
// Output sizes

// Output strides

// Input tensor sizes

const int64_t* input_strides, // Input tensor strides

const int64_t* weight_sizes,

// Weight tensor sizes

const int64_t+ weight_strides,// Weight tensor strides

int ndims,
const float epsilon,
int num_tokens,

int hidden_size,

tensor

)3

int out_dtype,
int input_dtype,
int weight_dtype

// Number of dimensions in tensors
// Small constant for numerical stability
// Number of tokens in the input tensor

// Size of the last dimension in the input

// Data type of output tensor
// Data type of input tensor
// Data type of weight tensor

(J M vllm/model_executor/layers/layernorm.py &, input, residual, weight #79
contiguous /g, BEEASSIMBZHFIE contiguous

_C::rotary_embedding[vLLM]



2% cuda S2HL: https://github.com/vlim-

project/vllm/blob/18ed3132d2bfeldf9a74729457b69243955221e8/csrc/pos_encoding_kernels.c

u#L124
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Jx*

* @brief Applies rotary position embeddings to query and key tensors

*
* @param dev
* @param positions
or [num_tokens]
* (@param query
* @param key
* @param cos_sin_cache
[max_position, rot_dim]
* @param positions_sizes
* @param positions_strides
* @param query_sizes
* @param query_strides
* @param key_sizes
* @param key_strides
* @param cache_sizes
* @param cache_strides
* @param positions_ndims
* @param query_ndims
* @param key_ndims
* @param cache_ndims
* @param head_size
* @param is_neox
* @param query_dtype
* @param key_dtype
* @param cache_dtype

* @note Memory Layout:

Device handle for CUDA/CPU device management

Position indices tensor [batch_size, seq_len]

Query tensor to apply rotary embeddings to
Key tensor to apply rotary embeddings to
Precomputed cosine and sine values

Sizes of positions tensor

Strides of positions tensor

Sizes of query tensor

Strides of query tensor

Sizes of key tensor

Strides of key tensor

Sizes of cos_sin_cache tensor

Strides of cos_sin_cache tensor

Number of dimensions in positions tensor
Number of dimensions in query tensor

Number of dimensions in key tensor

Number of dimensions in cos_sin_cache tensor
Size of each attention head

Whether to use GPT-NeoX style rotary embeddings
Data type of query tensor

Data type of key tensor

Data type of cos_sin_cache tensor

* - Supports both [batch_size, seq_len, num_heads, head_size] and

[num_tokens, num_heads, head_size] layouts

* - Handles non-contiguous tensors through explicit stride parameters

* - Optimized for different data types and hardware

*

* @note Behavior:

* - Applies rotary position embeddings in-place to query and key tensors
* - Supports both GPT-J style (default) and GPT-NeoX style rotary

embeddings


https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/pos_encoding_kernels.cu#L124
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/pos_encoding_kernels.cu#L124
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/pos_encoding_kernels.cu#L124

35 * - Efficiently handles grouped-query attention (GQA) where num_heads >
num_kv_heads

36 x/

37 void rotary_embedding_kernel(

38 voidx dev, // Device handle

39 const int64_tx positions, // Position indices tensor

40 voidx query, // Query tensor

41 voidx key, // Key tensor

42 const void* cos_sin_cache, // Precomputed cosine and sine values

43 const int64_tx positions_sizes, // Sizes of positions tensor

44 const int64_tx positions_strides, // Strides of positions tensor

45 const int64_tx query_sizes, // Sizes of query tensor

46 const int64_tx query_strides, // Strides of query tensor

47 const int64_tx key_sizes, // Sizes of key tensor

48 const int64_t*x key_strides, // Strides of key tensor

49 const int64_t* cache_sizes, // Sizes of cos_sin_cache tensor

50 const int64_tx cache_strides, // Strides of cos_sin_cache tensor

51 int positions_ndims, // Number of dimensions in positions
tensor

52 int query_ndims, // Number of dimensions in query tensor

53 int key_ndims, // Number of dimensions in key tensor

54 int cache_ndims, // Number of dimensions in

cos_sin_cache tensor

55 int head_size, // Size of each attention head
56 bool 7s_neox, // Whether to use GPT-NeoX style rotary
embeddings
57 int query_dtype, // Data type of query tensor
58 int key_dtype, // Data type of key tensor
59 int cache_dtype // Data type of cos_sin_cache tensor
60 );
ISSUE

O XFREEEZAY: float32, floatl6, bfloatl6
O cuda KR BESTIE contiguous MY

_C:silu_and_mul[vLLM]

2EiER

B% cuda J2M: https://github.com/vlim-
project/vllm/blob/18ed3132d2bfeldf9a74729457b69243955221e8/csrc/activation_kernels.cu#L
82
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https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/activation_kernels.cu#L82
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/activation_kernels.cu#L82
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/activation_kernels.cu#L82

iorn J.f**
2 * @brief Applies SilLU activation to first half of input and multiplies with
second half

3 *
4 * @param dev Device handle for CUDA/CPU device management
5 * @param out Output tensor to store the result
6 * @param input Input tensor with twice the size of output in last
dimension
7 * @param out_sizes Output tensor sizes
* @param out_strides Output tensor strides (can be non-contiguous)
* @param input_sizes Input tensor sizes
10 * @param input_strides Input tensor strides (can be non-contiguous)
11 * @param ndims Number of dimensions in the tensors
12 * @param out_dtype Data type of output tensor
13 * @param input_dtype Data type of input tensor
14 *

15 * @note Memory Layout:
16 * - Input tensor has shape [..., 2*xd] where last dimension contains

pairs of values

17 * - Output tensor has shape [..., d]
18 * - Supports non-contiguous tensors through explicit stride parameters
19 *
20 * @note Behavior:
21 * - Computes out[i] = SiLU(input[i]) * input[i+d] for i in [0,d)
22 * - SiLU(x) = x * sigmoid(x)
23 * - Optimized implementation for different hardware and data types
24 x/
25 void silu_and_mul_kernel(
26 voidx dev, // Device handle
27 voidx out, // Output tensor data pointer
28 const voidx 7nput, // Input tensor data pointer
29 const int64_t* out_sizes, // Output sizes
30 const int64_tx out_strides, // Output strides
31 const int64_tx 7input_sizes, // Input tensor sizes
32 const int64_t*x 7Tnput_strides, // Input tensor strides
33 int ndims, // Number of dimensions in tensors
34 int out_dtype, // Data type of output tensor
35 int 7nput_dtype // Data type of input tensor
36 );
ISSUE

O #%3E contiguous A
O Cuda kernel 3FHI##EZE : float32, floatl6, bfloatl6
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template <typename T>

8 void silu_and_mul(void *d_in, void *d_out, int dim@_size, int diml_size);

_C_cache_ops::reshape_and_cache_flash[vLLM]

SEER

reshape_and_cache_flash @ —"MNBEFEEMEFZETEINGIFIRESTHIRE, A Flash
Attention 1b. B34 cache_kernels.cu RIS, FHATLUIEE T EINGE:

Thee: BREBERMIRE (key) FE (value) KEZHFHHFIHEFEMEI KV EFH

#UER: M [num_tokens, num_heads, head_size] {5 #4 [num_blocks,
block_size, num_heads, head_size] #&=t

TR IR :

SRR AL (Y0 FP16/BF16 2 FP8)

R IBFE(BRET (slot mapping)

EFERETF (BTEk)
SZLW: https://github.com/vlim-
project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/cache_kernels.cu#L411
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* @param dev Device handle for CUDA/CPU device management

* @param key Key tensor [num_tokens, num_heads, head_size]

* @param value Value tensor [num_tokens, num_heads, head_size]
* @param key_cache Key cache tensor [num_blocks, block_size,

num_heads, head_size]

* @param value_cache Value cache tensor [num_blocks, block_size,
num_heads, head_size]

* @param slot_mapping Mapping from token indices to cache slots

[num_tokens]

* @param key_sizes Sizes of key tensor

* @param key_strides Strides of key tensor

* @param value_sizes Sizes of value tensor

* @param value_strides Strides of value tensor

* @param key_cache_sizes Sizes of key cache tensor

* @param key_cache_strides Strides of key cache tensor

* @param value_cache_sizes Sizes of value cache tensor

* @param value_cache_strides Strides of value cache tensor

* @param slot_mapping_sizes Sizes of slot mapping tensor

* @param slot_mapping_strides Strides of slot mapping tensor

* @param key_ndims Number of dimensions in key tensor

* @param value_ndims Number of dimensions in value tensor

* @param key_cache_ndims  Number of dimensions in key cache tensor

* @param value_cache_ndims Number of dimensions in value cache tensor

* @param slot_mapping_ndims Number of dimensions in slot mapping tensor

* @param num_tokens Number of tokens to process
* @param num_heads Number of attention heads

* @param head_size Size of each attention head
* @param block_size Size of each cache block

* @param key_dtype Data type of key tensor

* @param value_dtype Data type of value tensor

* @param key_cache_dtype Data type of key cache tensor

* @param value_cache_dtype Data type of value cache tensor

* @param kv_cache_type Type of KV cache quantization ("fp8", "fp8_e4m3",
"auto", etc.)

* @param k_scale Scale factor for key quantization [1] or [num_heads]

* @param v_scale Scale factor for value quantization [1] or
[num_heads]

* @param k_scale_size Size of k_scale tensor (must be 1 or num_heads)

* @param v_scale_size Size of v_scale tensor (must be 1 or num_heads)

*

* @note Memory Layout:

* - Input tensors (key, value) have shape [num_tokens, num_heads,
head_size]

* - Cache tensors have shape [num_blocks, block_size, num_heads,
head_size]

* - Supports non-contiguous tensors through explicit stride parameters
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*

* @note Scale Factors:

* - k_scale can be either a single value [1] or per-head values

[num_heads]

* - v_scale can be either a single value [1] or per-head values

[num_heads]

* - When size is 1, the same scale is applied to all heads

* - When size is num_heads, each head uses its own scale factor

*

* @note Behavior:

* - Reshapes key and value tensors to match the cache format

* - Maps tokens to their corresponding cache slots using slot_mapping
* - Supports optional quantization to FP8 format with scaling

* - Ignores tokens with negative slot indices (padding tokens)

*/

void reshape_and_cache_flash_kernel(
voidx dev,
const voidx key,
const voidx value,
voidx key_cache,
voidx value_cache,
const int64_tx slot_mapping,
const int64_t*x key_sizes,
const int64_tx key_strides,
const int64_tx value_sizes,
const int64_tx value_strides,
const int64_t*x key_cache_sizes,
const int64_tx key_cache_strides,
const int64_tx value_cache_sizes,
const int64_tx value_cache_strides,
const int64_tx slot_mapping_sizes,

// Device handle

// Key tensor data pointer

// Value tensor data pointer

// Key cache tensor data pointer
// Value cache tensor data pointer
// Slot mapping data pointer

// Key tensor sizes

// Key tensor strides

// Value tensor sizes

// Value tensor strides

// Key cache tensor sizes

// Key cache tensor strides

// Value cache tensor sizes

// Value cache tensor strides

// Slot mapping tensor sizes

const int64_t* slot_mapping_strides,// Slot mapping tensor strides

int key_ndims,

int value_ndims,
tensor

int key_cache_ndims,
tensor

int value_cache_ndims,
cache tensor

int slot_mapping_ndims,
mapping tensor

int num_tokens,

int num_heads,

int head_size,

int block_size,

int key_dtype,

int value_dtype,

// Number of dimensions in key tensor

// Number of dimensions in value

// Number of dimensions in key cache

// Number of dimensions in value

// Number of dimensions in slot

// Number of tokens to process
// Number of attention heads
// Size of each attention head
// Size of each cache block
// Data type of key tensor

// Data type of value tensor



85 int key_cache_dtype,

86 int value_cache_dtype,
87 const charx kv_cache_type,
88 const floatx k_scale,
89 const floatx v_scale,
90 int k_scale_size,
91 int v_scale_size
92 )3
ISSUE

(O #F9E contiguous I

() Cuda kernel Z#5p9%k3EZEAY: float32, floatl6, bfloatle, EfLIEHR!
__NV_E4M3/__NV_E5M2

_C_cache_ops::concat_and_cache_mla

SEZER
concat_and_cache_mla B9iZ 0 INEER
1. ##% (Concatenate) WMKE:
kv_c: KVIAAIKE [num_tokens, kv_lora_rank]
k_pe: $#BUEBRIBIKE [num_tokens, pe_dim]
2. BEEERSUEERE:
BIEZEENEIEEMEE KV £7F9 [num_blocks, block_size, (kv_lora_rank + pe_dim) ]
/8 slot_mapping &1 token BRETE|EFHAIERE
3. AIERVE NI
S HBIREM N FP8 I8N UT EARE
M scale ZHIFNENRNEREF
BELI: https://github.com/vlim-
project/vllm/blob/18ed3132d2bfeldf9a74729457b69243955221e8/csrc/cache_kernels.cu#L462
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*

*

pe_

*

@param dev Device handle for CUDA/CPU device management
@param kv_c KV content tensor [num_tokens, kv_lora_rank]
@param k_pe Key position encoding tensor [num_tokens,
dim]

@param kv_cache KV cache tensor [num_blocks, block_size,

(kv_lora_rank + pe_dim)]

*

@param slot_mapping Mapping from token indices to cache slots

[hum_tokens]

*

*

*

@param kv_c_sizes Sizes of KV content tensor

@param kv_c_strides Strides of KV content tensor

@param k_pe_sizes Sizes of key position encoding tensor
@param k_pe_strides Strides of key position encoding tensor
@param kv_cache_sizes Sizes of KV cache tensor

@param kv_cache_strides Strides of KV cache tensor

@param slot_mapping_sizes Sizes of slot mapping tensor

@param slot_mapping_strides Strides of slot mapping tensor

* @param kv_c_ndims Number of dimensions in KV content tensor

* @param k_pe_ndims Number of dimensions in key position encoding
tensor

* @param kv_cache_ndims Number of dimensions in KV cache tensor

* @param slot_mapping_ndims Number of dimensions in slot mapping tensor

* @param num_tokens Number of tokens to process

* @param kv_lora_rank Rank of KV LoRA

* @param pe_dim Dimension of position encoding

* @param block_size Size of each cache block

* @param kv_c_dtype Data type of KV content tensor

* @param k_pe_dtype Data type of key position encoding tensor

* @param kv_cache_dtype Data type of KV cache tensor

* @param kv_cache_type Type of KV cache quantization

* @param scale Scale factor for quantization

*

*

*

*

@note Memory Layout:
- KV content tensor has shape [num_tokens, kv_lora_rank]
- Key position encoding tensor has shape [num_tokens, pe_dim]

- KV cache tensor has shape [num_blocks, block_size, (kv_lora_rank +

_dim) ]

@note Behavior:
- Concatenates KV content and key position encoding
- Maps tokens to their corresponding cache slots using slot_mapping

- Supports optional quantization with scaling

74

void concat_and_cache_mla_kernel(

voidx dev, // Device handle

const void* kv_c, // KV content tensor data pointer



44 const void*x k_pe, // Key position encoding tensor data

pointer

45 voidx kv_cache, // KV cache tensor data pointer

46 const int64_tx slot_mapping, // Slot mapping data pointer

47 const int64_tx kv_c_sizes, // KV content tensor sizes

48 const int64_tx kv_c_strides, // KV content tensor strides

49 const int64_t*x k_pe_sizes, // Key position encoding tensor sizes

50 const int64_tx k_pe_strides, // Key position encoding tensor strides

51 const int64_tx kv_cache_sizes, // KV cache tensor sizes

52 const int64_tx kv_cache_strides, // KV cache tensor strides

53 const int64_tx slot_mapping_sizes, // Slot mapping tensor sizes

54 const int64_tx slot_mapping_strides,// Slot mapping tensor strides

55 int kv_c_ndims, // Number of dimensions in KV content
tensor

56 int k_pe_ndims, // Number of dimensions in key

position encoding tensor

57 int kv_cache_ndims, // Number of dimensions in KV cache
tensor

58 int slot_mapping_ndims, // Number of dimensions in slot
mapping tensor

59 int num_tokens, // Number of tokens to process

60 int kv_lora_rank, // Rank of KV LoRA

61 int pe_dim, // Dimension of position encoding

62 int block_size, // Size of each cache block

63 int kv_c_dtype, // Data type of KV content tensor

64 int k_pe_dtype, // Data type of key position encoding
tensor

65 int kv_cache_dtype, // Data type of KV cache tensor

66 const char* kv_cache_type, // Type of KV cache quantization

67 const floatx scale // Scale factor for quantization size
= [1]

68 );

ISSUE

O #%3E contiguous A

() Cuda kernel Z3589%E2L8Y: float32, floatl6, bfloatle, =fLIEHR!
__NV_E4M3/__NV_E5M2

_moe_C::moe_align_block_size[vLLM]

moe_align_block_size B9#Z/\INEER |



1. EHF tokens:
a. IRIEDELAENINERK ID WA tokens HITEHFF
b. HRDECLAE—E R tokens EREFEHELFS

2. MFFRIRA)N:

a. BEMNERUEM tokens FiE1E7E block_size FIfEER, XMIITFHL T GPU LWHTIHE
M

3. T RIS
a. A MRDENMAIEXKID
b. IEREHFEH token 2% (EE1EF)

SEIH: https://github.com/vlim-
project/vllm/blob/18ed3132d2bfeldf9a74729457b69243955221e8/csrc/moe/moe_align_sum_k
ernels.cu#L296

Function 0

AT IR
Viz:

* @brief Aligns tokens by expert and arranges them in blocks for efficient

N

MoE computation

3 *
* @param dev Device handle for CUDA/CPU device management
5 * @param topk_ids Tensor containing expert IDs for each token

[num_tokens]
6 * @param sorted_token_ids Output tensor to store sorted token indices

[num_tokens_post_pad]

7 * @param expert_ids Output tensor to store expert ID for each block
[num_blocks]
8 * @param total_tokens_post_pad Output scalar to store total number of tokens

after padding

9 * @param topk_ids_sizes Sizes of topk_ids tensor

10 * @param topk_ids_strides Strides of topk_ids tensor

11 * @param sorted_token_ids_sizes Sizes of sorted_token_ids tensor

12 * @param sorted_token_ids_strides Strides of sorted_token_ids tensor

13 * @param expert_ids_sizes Sizes of expert_ids tensor

14 * @param expert_ids_strides  Strides of expert_ids tensor

15 * @param topk_ids_ndims Number of dimensions in topk_ids tensor

16 * @param sorted_token_ids_ndims Number of dimensions in sorted_token_ids
tensor

17 * @param expert_ids_ndims Number of dimensions in expert_ids tensor

18 * @param num_tokens Number of tokens to process

19 * @param num_experts Number of experts in the MoE model

20 * @param block_size Size of each processing block (for alignment)


https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L296
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L296
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L296
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* @param topk_ids_dtype Data type of topk_ids tensor

* @param use_global_memory Whether to use global memory instead of shared
memory

* @param use_l16bit_counters Whether to use 16-bit counters to save shared
memory

*

* @note Memory Layout:

* - topk_1ids: Contains expert ID assigned to each token

* - sorted_token_ids: Contains token indices sorted by expert ID, with
padding

* - expert_ids: Contains expert ID for each block of tokens

*

* @note Behavior:

* - Groups tokens by expert ID and arranges them in blocks of size
block_size

* - Pads each expert's tokens to a multiple of block_size
* - Returns the total number of tokens after padding
* - Automatically selects between shared memory and global memory
implementation
*
*/
void moe_align_block_size_kernel(
voidx dev, // Device handle
const void*x topk_1ids, // Expert IDs for each token
voidx sorted_token_ids, // Output sorted token indices
voidx expert_ids, // Output expert ID for each block
voidx total_tokens_post_pad, // Output total tokens after padding
const int64_tx topk_ids_sizes, // Sizes of topk_ids tensor
const int64_tx topk_1ids_strides, // Strides of topk_ids tensor
const int64_tx sorted_token_ids_sizes, // Sizes of sorted_token_ids
tensor

const int64_tx sorted_token_ids_strides, // Strides of sorted_token_ids

tensor

const int64_tx expert_ids_sizes, // Sizes of expert_ids tensor

const int64_t* expert_ids_strides, // Strides of expert_ids tensor

int topk_ids_ndims, // Number of dimensions in topk_ids
tensor

int sorted_token_ids_ndims, // Number of dimensions in
sorted_token_ids tensor

int expert_ids_ndims, // Number of dimensions in expert_ids
tensor

int num_tokens, // Number of tokens to process

int num_experts, // Number of experts in the MoE model

int block_size, // Size of each processing block

int topk_1ids_dtype, // Data type of topk_ids tensor

bool use_global_memory, // Whether to use global memory

bool use_16bit_counters // Whether to use 16-bit counters
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ISSUE
O 3FF topk_ids, BRIAR int32 8, 4NR topk_ids<65535, BIiEHE intl6 H5

(AZEES

1 if (shared_mem_i16 < device_max_shared_mem && topk_ids.numel() <= 65535) {
use_il6 = true;

}

O Hs_ids 5/ int32 288!
(O z#%3E contiguous

_moe_C::moe_sum|[vLLM]

moe_sum BIZILINEER
1. EXR&EHRA:

a. X1 token, BESIHINZINER (BER top-k MEXR) BmH#HITRM, £MmEZH
token R

2. B
a. HXIEIA top-k B (2. 3. 4) RMHET 1LY CUDA 211
b. Xy FEHf top-k (&, [ELERE| PyTorch B9 RFNIRIE

SEZLW: https://github.com/vlim-
project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_k
ernels.cu#lL422

Function &1
(ARTETS
1 JA*
2 * @brief Sums outputs from multiple experts for each token in MoE models
3 *
4 * @param dev Device handle for CUDA/CPU device management
5 * @param out Output tensor to store summed results

[num_tokens, hidden_size]


https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L422
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L422
https://github.com/vllm-project/vllm/blob/18ed3132d2bfe1df9a74729457b69243955221e8/csrc/moe/moe_align_sum_kernels.cu#L422
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ISSUE

* @param input
topk, hidden_size]
* @param out_sizes
* @param out_strides
* @param input_sizes

* @param input_strides

Input tensor with expert outputs [num_tokens,

Sizes of output tensor
Strides of output tensor
Sizes of input tensor

Strides of input tensor

*

*

@param out_ndim
@param input_ndim
@param num_tokens
@param topk
@param hidden_size
@param out_dtype
@param input_dtype

@note Memory Layout:

Number
Number
Number

Number

of dimensions in output tensor
of dimensions in input tensor
of tokens to process

of experts per token (typically 1-4)

Size of the hidden dimension
Data type of output tensor
Data type of input tensor

- Jnput: Contains outputs from topk experts for each token

- out: Contains the sum of expert outputs for each token

@note Behavior:

74

void moe_sum_kernel(

- For each token, sums the outputs from its topk experts

- Has optimized implementations for topk=2, 3, and 4

- Falls back to PyTorch's sum for other topk values

voidx dev,

voidx out,

const voidx 7nput,

const int64_tx out_sizes,

const int64_tx out_strides,

const int64_tx 7input_sizes,

const int64_t*x 7nput_strides,

int

tensor

)3

int
int
int
int
int

int

out_ndim,

input_ndim,
num_tokens,
topk,
hidden_size,
out_dtype,
input_dtype

// Device handle

// Output tensor data pointer
// Input tensor data pointer
// Output tensor sizes

// Output tensor strides

// Input tensor sizes

// Input tensor strides

// Number of dimensions in output

// Number of dimensions in input tensor
// Number of tokens to process

// Number of experts per token

// Size of the hidden dimension

// Data type of output tensor

// Data type of input tensor

(J Cuda fiiftk8y top=2, 3, 489 kernel FHEERIE input, output EREMMEE LZ
contiguous B9



O MRFERIBIEESKE, FJUKLIAR . contiguous () FHAHEEA at::sum
(input, 1) RE, (BEIHE4AEE—LIEEE

() ZEFEZEA float32. floatl6. bfloatl6

_vllm_fa2_cC::varlen_fwd[vLLM]
EE EOP BF & C1E PRy FA2 8853

vllm::inplace_fused_experts[vLLM]

S2EiER

BELIW: https://github.com/vlim-
project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vlim/model_executor/layers/f
used_moe/fused_moe.py#L1119 https://github.com/vllm-
project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vilm/model_executor/layers/f
used_moe/fused_moe.py#L623C5-L623C28

X2—NAS op, fused_experts_impl REGER 7 LT X EI21E:
1. moe_align_block_size: EHFEFIXIFF tokens E OP B A1
invoke_fused_moe_kernel (F/R) @ HATEMAIREFETRE
silu_and_mul: RZF SiLU BUERE B OP BYFF &1
moe_sum: SHZNLTRAVEL B OP B &1

invoke_fused_moe_kernel 7 cuda #453 A ## kernel: fused_moe_kernel_gptq_awq
fused_moe_kernel

> N

fused_moe_kernel_gptq_awq

1. 73 GPTQ #1 AWQ Eft A ZEi%1t

2. ZHEFINT4 (4 {u%%h) FINT8 (8fiZE#H) EBMHNE
3. RIEFEERNENSE, BIFEFR (zero point)
fused_moe_kernel

l. XEEBANENEE

2. HIEFP8 (8 fii¥R) FINT8 E1L

3. BRIENRKXNNDAEERE


https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-EkyWdTYRgoLiiExoWRycMjVInAd
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-EkyWdTYRgoLiiExoWRycMjVInAd
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L1119
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L1119
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L1119
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L623C5-L623C28
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L623C5-L623C28
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/model_executor/layers/fused_moe/fused_moe.py#L623C5-L623C28
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-PI9NdfBTUocUTvxaGr1c7bPBnBf
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-PI9NdfBTUocUTvxaGr1c7bPBnBf
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Qba8dTleUoi5MVxMDskc1vahnHe
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-Qba8dTleUoi5MVxMDskc1vahnHe
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-ZwkgdMRZCoM1bexwguNcgJ4znLe
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-ZwkgdMRZCoM1bexwguNcgJ4znLe
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fused_moe_kernel_gptq_awq

INT4, INT8
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Function 0

fused_moe_kernel_gptq_awq

HAETIR

S b~ W N

10

11
12
13
14
15
16
17
18

Jx*

%

*

*

*

*

fused_moe_kernel

FP8, INT8

IHE

FP8 WM&

Z# 534 (group_n, group_k)

@brief Performs fused MoE computation with GPTQ/AWQ quantized weights

@param
@param

@param

dev
input
weights

output_size, hidden_size]

* @param output

output_size]

* @param weight_scales

*

*

@param

@param

topk]

*

*

*

@param
@param
@param
@param
@param
@param
@param

@param

weight_zero_points

topk_weights

topk_1ids
sorted_token_ids
expert_ids
num_tokens_post_pad
input_sizes
input_strides
weights_sizes

weights_strides

Device handle for CUDA/CPU device management
Input tensor [num_tokens, hidden_size]

Quantized expert weights [num_experts,

Output tensor [num_tokens_post_pad, topk,

Weight scaling factors for dequantization
Weight zero points for dequantization (optional)

Routing weights for each token [num_tokens,

Expert IDs for each token [num_tokens, topk]
Sorted token indices [num_tokens_post_pad]
Expert ID for each block [num_blocks]

Total number of tokens after padding

Sizes of input tensor

Strides of input tensor

Sizes of weights tensor

Strides of weights tensor
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*

*

@param
@param
@param

output_sizes Sizes of output tensor
output_strides Strides of output tensor
weight_scales_sizes Sizes of weight_scales tensor

* @param weight_scales_strides Strides of weight_scales tensor

* @param weight_zero_points_sizes Sizes of weight_zero_points tensor (if not
null)

* @param weight_zero_points_strides Strides of weight_zero_points tensor (if
not null)

* @param topk_weights_sizes Sizes of topk weights tensor

* @param topk_weights_strides Strides of topk_weights tensor

* @param topk_ids_sizes Sizes of topk_ids tensor

* @param topk_ids_strides Strides of topk_ids tensor

* @param sorted_token_ids_sizes Sizes of sorted_token_ids tensor

* @param sorted_token_ids_strides Strides of sorted_token_ids tensor

* @param expert_ids_sizes Sizes of expert_ids tensor

* @param expert_ids_strides Strides of expert_ids tensor

* @param input_ndim Number of dimensions in input tensor

* @param weights_ndim Number of dimensions in weights tensor

* @param output_ndim Number of dimensions in output tensor

* @param weight_scales_ndim Number of dimensions in weight_scales tensor

* @param weight_zero_points_ndim Number of dimensions in weight_zero_points
tensor

* @param topk_weights_ndim Number of dimensions in topk_weights tensor

* @param topk_ids_ndim Number of dimensions in topk_ids tensor

* @param sorted_token_ids_ndim Number of dimensions in sorted_token_ids tensor

* @param expert_ids_ndim Number of dimensions in expert_ids tensor

* @param num_tokens Number of tokens to process

* @param num_experts Number of experts in the model

* @param hidden_size Size of input hidden dimension

* @param output_size Size of output dimension

* @param topk Number of experts per token

* @param block_size_m Block size for M dimension

* @param block_size_n Block size for N dimension

* @param block_size_k Block size for K dimension

* @param group_size_m Group size for M dimension

* @param group_size Quantization group size

* @param mul_routed_weight Whether to multiply by routing weights

* @param input_dtype Data type of input tensor

* @param weights_dtype Data type of weights tensor

* @param output_dtype Data type of output tensor

* @param weight_scales_dtype Data type of weight_scales tensor

* @param weight_zero_points_dtype Data type of weight_zero_points tensor

* @param use_int4_w4al6 Whether to use INT4 weights with FP16
activations

* @param use_int8_w8al6 Whether to use INT8 weights with FP16
activations

*
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* @note Memory Layout:

* - dnput: Contains token hidden states
* - weights: Contains quantized expert weights
* - output: Contains expert outputs for each token

* @note Quantization:

* - For INT4: Two 4-bit values are packed into one byte
* - For INT8: Each weight is stored as a single byte
* - Dequantization: (quant_value - zero_point) * scale

%

@note Behavior:

* - Performs matrix multiplication between token hidden states and

expert weights

* - Handles quantized weights with dequantization

* - Optionally multiplies results by routing weights
* - Outputs are arranged by token and expert

*/

void fused_moe_kernel_gptq_awq(

voidx dev,

// Device handle

const void* 7input, // Input tensor data pointer

const void* weights, // Weights tensor data pointer

voidx output,

// Output tensor data pointer

const void* weight_scales, // Weight scales data pointer

const void* weight_zero_points, // Weight zero points data pointer

(can be null)

const void* topk_weights, // Topk weights data pointer
const voidx topk_ids, // Topk IDs data pointer

const void* sorted_token_ids, // Sorted token IDs data pointer
const void* expert_ids, // Expert IDs data pointer

const void* num_tokens_post_pad, // Number of tokens post padding
const int64_t*x 7Tnput_sizes, // Input tensor sizes

const int64_t*x 7input_strides, // Input tensor strides

const int64_t* weights_sizes, // Weights tensor sizes

const int64_tx weights_strides, // Weights tensor strides

const int64_t*x output_sizes, // Output tensor sizes

const int64_t* output_strides, // Output tensor strides

const int64_tx
const int64_tx
const int64_tx

sizes (if not null)

const int64_tx

weight_scales_sizes, // Weight scales tensor sizes
weight_scales_strides, // Weight scales tensor strides
weight_zero_points_sizes, // Weight zero points tensor

weight_zero_points_strides, // Weight zero points tensor

strides (if not null)

const int64_tx
const int64_tx
const int64_tx
const int64_tx
const int64_tx

topk_weights_sizes, // Topk weights tensor sizes
topk_weights_strides, // Topk weights tensor strides
topk_1ids_sizes, // Topk IDs tensor sizes
topk_1ids_strides, // Topk IDs tensor strides
sorted_token_ids_sizes, // Sorted token IDs tensor sizes
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const int64_tx sorted_token_ids_strides, // Sorted token IDs tensor strides

const int64_tx expert_ids_sizes,
const int64_t*x expert_ids_strides,

int 7input_ndim,

int weights_ndim,
tensor

int output_ndim,
tensor

int weight_scales_ndim,
scales tensor

int weight_zero_points_ndim,
points tensor

int topk_weights_ndim,
weights tensor

int topk_ids_ndim,
tensor

int sorted_token_ids_ndim,
token IDs tensor

int expert_ids_ndim,
tensor

int num_tokens,

int num_experts,

int hidden_size,

int output_size,

int topk,

int block_size_m,

int block_size_n,

int block_size_k,

int group_size_m,

int group_size,

bool mul_routed_weight,
weights

int 7nput_dtype,

int weights_dtype,

int output_dtype,

int weight_scales_dtype,

int weight_zero_points_dtype,
tensor

bool use_int4_w4alé6,
FP16 activations

bool use_int8_w8al6

FP16 activations

)5

fused_moe_kernel

// Expert IDs tensor sizes
// Expert IDs tensor strides
// Number of dimensions in input tensor

// Number of dimensions in weights

// Number of dimensions in output

// Number of dimensions in weight

// Number of dimensions in weight zero

// Number of dimensions in topk

// Number of dimensions in topk IDs

// Number of dimensions in sorted

// Number of dimensions in expert IDs

// Number of tokens to process
// Number of experts in the model
// Size of input hidden dimension
// Size of output dimension

// Number of experts per token
// Block size for M dimension

// Block size for N dimension

// Block size for K dimension

// Group size for M dimension

// Quantization group size

// Whether to multiply by routing

// Data type of input tensor

// Data type of weights tensor

// Data type of output tensor

// Data type of weight scales tensor
// Data type of weight zero points

// Whether to use INT4 weights with

// Whether to use INT8 weights with
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* @brief Performs fused MoE computation with FP8/INT8 quantized weights

*

* @param dev

* @param input

* @param weights
hidden_size]

* @param output

output_size]

* @param input_scales

* @param weight_scales

*

@param

topk]

*

*

*

*

@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param
@param

topk_weights

topk_1ids
sorted_token_ids
expert_ids
num_tokens_post_pad
input_sizes
input_strides
weights_sizes
weights_strides
output_sizes
output_strides
input_scales_sizes
input_scales_strides

weight_scales_sizes

Device handle for CUDA/CPU device management
Input tensor [num_tokens, hidden_size]

Expert weights [num_experts, output_size,

Output tensor [num_tokens_post_pad, topk,

Input scaling factors for FP8 quantization
Weight scaling factors for quantization

Routing weights for each token [num_tokens,

Expert IDs for each token [num_tokens, topk]
Sorted token indices [num_tokens_post_pad]
Expert ID for each block [num_blocks]
Total number of tokens after padding
Sizes of input tensor

Strides of input tensor

Sizes of weights tensor

Strides of weights tensor

Sizes of output tensor

Strides of output tensor

Sizes of input_scales tensor

Strides of input_scales tensor

Sizes of weight_scales tensor

weight_scales_strides Strides of weight_scales tensor

topk_weights_sizes
topk_weights_strides
topk_ids_sizes
topk_ids_strides

Sizes of topk_weights tensor
Strides of topk_weights tensor
Sizes of topk_ids tensor
Strides of topk_ids tensor

sorted_token_ids_sizes Sizes of sorted_token_ids tensor

sorted_token_ids_strides Strides of sorted_token_ids tensor

expert_ids_sizes
expert_ids_strides
input_ndim
weights_ndim
output_ndim
input_scales_ndim
weight_scales_ndim
topk_weights_ndim
topk_ids_ndim

sorted_token_ids_ndim Number of dimensions in sorted_token_ids tensor

expert_ids_ndim
num_tokens
num_experts

hidden_size

Sizes of expert_ids tensor
Strides of expert_ids tensor

Number of dimensions in input tensor

Number of dimensions in weights tensor

Number of dimensions in output tensor

Number of dimensions in input_scales tensor

Number of dimensions in weight_scales tensor

Number of dimensions in topk_weights tensor

Number of dimensions in topk_ids tensor
Number of dimensions in expert_ids tensor
Number of tokens to process

Number of experts in the model

Size of input hidden dimension
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
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62
63
64
65
66
67
68
69

70
71
72
73

74
75
76
T
78
79
80
81
82
83
84
85
86
87
88

* (@param
* @param
* (@param
* (@param
* (@param
* @param
* (@param
* (@param
* (@param
* @param
* (@param
* (@param
* (@param
* @param
* (@param
* (@param

output_size

Size of output dimension

Number of experts per token

topk

block_size_m Block size
block_size_n Block size
block_size_k Block size
group_size_m Group size
group_n Group size
group_k Group size
mul_routed_weight Whether to
input_dtype Data type
weights_dtype Data type
output_dtype Data type
input_scales_dtype Data type
weight_scales_dtype Data type

use_fp8_w8a8

use_1int8_w8al6

activations

*

* @note Memory Layout:

*

*

*

*

for M dimension
for N dimension
for K dimension
for M dimension
for N dimension in block quantization
for K dimension in block quantization
multiply by routing weights
of input tensor
of weights tensor
of output tensor
of input_scales tensor

of weight_scales tensor

Whether to use FP8 weights with FP8 activations
Whether to use INT8 weights with FP16

- input: Contains token hidden states

- weights: Contains expert weights

- output: Contains expert outputs for each token

* @note Quantization:

*

*

- For FP8: Both weights and activations use 8-bit floating point

- For INT8: Weights use 8-bit integers, activations use 16-bit

floating point

*

*

- Block quantization: Different scale factors for different blocks

* @note Behavior:

*
expert we

*

*

*

*/

- Performs matrix multiplication between token hidden states and

ights

- Handles quantized weights and activations

- Optionally multiplies results by routing weights

- Outputs are arranged by token and expert

void fused_moe_kernel(

voidx
const
const
voidx
const
const
const
const
const
const

dev,
void*

voidx*

input,
weights,

output,

voidx
void*
void*
voidx
voidx

voidx

input_scales,
weight_scales,
topk_weights,
topk_1ids,
sorted_token_1ids,
expert_1ids,

// Device handle
// Input tensor data pointer

// Weights tensor data pointer

// Output tensor data pointer

// Input scales data pointer

// Weight scales data pointer

// Topk weights data pointer

// Topk IDs data pointer

// Sorted token IDs data pointer
// Expert IDs data pointer



89
90
Ol
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

110

111

112

113

114

115

116

117
118
119
120
121
122
123
124
125
126

const voidx num_tokens_post_pad, // Number of tokens post padding

const int64_tx 7input_sizes, // Input tensor sizes

const int64_tx 7Tnput_strides, // Input tensor strides

const int64_tx weights_sizes, // Weights tensor sizes

const int64_t* weights_strides, // Weights tensor strides

const int64_tx output_sizes, // Output tensor sizes

const int64_tx output_strides, // Output tensor strides

const int64_tx 7Tnput_scales_sizes, // Input scales tensor sizes

const int64_tx input_scales_strides, // Input scales tensor strides

const int64_tx weight_scales_sizes, // Weight scales tensor sizes

const int64_tx weight_scales_strides, // Weight scales tensor strides

const int64_tx topk_weights_sizes, // Topk weights tensor sizes

const int64_t*x topk weights_strides, // Topk weights tensor strides

const int64_tx topk_ids_sizes, // Topk IDs tensor sizes

const int64_t*x topk_ids_strides, // Topk IDs tensor strides

const int64_t* sorted_token_ids_sizes, // Sorted token IDs tensor sizes

const int64_tx sorted_token_ids_strides, // Sorted token IDs tensor strides

const int64_tx expert_ids_sizes, // Expert IDs tensor sizes

const int64_tx expert_ids_strides, // Expert IDs tensor strides

int 7input_ndim, // Number of dimensions in input tensor

int weights_ndim, // Number of dimensions in weights
tensor

int output_ndim, // Number of dimensions in output
tensor

int 7nput_scales_ndim, // Number of dimensions in input
scales tensor

int weight_scales_ndim, // Number of dimensions in weight
scales tensor

int topk_weights_ndim, // Number of dimensions in topk
weights tensor

int topk_ids_ndim, // Number of dimensions in topk IDs
tensor

int sorted_token_ids_ndim, // Number of dimensions in sorted
token IDs tensor

int expert_ids_ndim, // Number of dimensions in expert IDs
tensor

int num_tokens, // Number of tokens to process

int num_experts, // Number of experts in the model

int hidden_size, // Size of input hidden dimension

int output_size, // Size of output dimension

int topk, // Number of experts per token

int block_size_m, // Block size for M dimension

int block_size_n, // Block size for N dimension

int block_size_k, // Block size for K dimension

int group_size_m, // Group size for M dimension

int group_n, // Group size for N dimension in block

quantization



127 int group_k, // Group size for K dimension in block

quantization

128 bool mul_routed_weight, // Whether to multiply by routing
weights

129 int 7nput_dtype, // Data type of input tensor

130 int weights_dtype, // Data type of weights tensor

131 int output_dtype, // Data type of output tensor

132 int 7nput_scales_dtype, // Data type of input scales tensor

133 int weight_scales_dtype, // Data type of weight scales tensor

134 bool use_fp8_w8a8, // Whether to use FP8 weights with FP8
activations

135 bool use_7nt8_w8alé6 // Whether to use INT8 weights with
FP16 activations

136 );

ISSUE

O AmAZEBZFFKEIEcontiguous
O Z#HpEuEEE:

fused_moe_kernel_gptq_awq fused_moe_kernel
MNEUERE FP32,FP16, BF16 FP32, FP16, BF16, UINTS8 (FP8)
IEHIELE INT8, 7€ INT4 FP32, FP16, BF16, INT8, UINT8 (FP8)
HERE FP32 5 FP16 FP32 8 FP16

vilm::unified_attention[vLLM]

SEER

JEALED: https://github.com/vlim-
project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/attention/layer.py#L297

X2— N EXiAAattention layer forward() 53214 —E 0

HAETIR

def unified_attention(
query: torch.Tensor,
key: torch.Tensor,
value: torch.Tensor,
layer_name: str,
) -> torch.Tensor:
forward_context: ForwardContext = get_forward_context()

attn_metadata = forward_context.attn_metadata

© 00 N oo u b W N P

self = forward_context.attn_layers[ layer_name]


https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/attention/layer.py#L297
https://github.com/vllm-project/vllm/blob/e92694b6fe264a85371317295bca6643508034ef/vllm/attention/layer.py#L297

10
11

kv_cache = self.kv_cache[forward_context.virtual_engine]

return self.impl.forward(self, query, key, value, kv_cache, attn_metadata)

KivKBlkernelWFF ., EE—NDkEIEFattentionSSIMIER, BIAMER—NEINSHK
APl, £ A% ZEAR[Eattention kernelIBHER X B{Aattention EEMNSHA LN C+H+HZEORNS,
Ebanis X 4% 0 E OP BYFF & S

Function %0
RISIR
J K
2
for attention computation
3 */
4  struct AttentionMetadata {
5 // Sequence information
6 torch::Tensor block_tables;
7 torch: :Tensor context_lens;
8 torch: :Tensor max_context_len;
9 torch: :Tensor seq_lens;
10 torch: :Tensor seq_start_loc;
11
12 // Batch information
13 int num_tokens;
14 int num_segs;
15 int max_seq_len;
16
17 // Attention mechanism
18 torch::Tensor alibi_slopes;
19 torch::Tensor attn_bias;
20 torch: :Tensor slot_mapping;
21 int sliding_window_size;
used)
22
23 // Quantization
24 bool enable_kv_scale_calc;
25
26 // Prefill/decode information
27 int num_prefills;
28 int num_prefill_tokens;
29 int num_decode_tokens;
30 1}
31
32 Jx*
33 * @brief KV Cache structure

* @brief Attention metadata structure containing all necessary information

// [num_seqgs, max_blocks_per_seq]
// [num_seqs]

// scalar

// [num_seqgs]

// [num_seqgs]

// Total number of tokens
// Number of sequences

// Maximum sequence length

// [num_heads] or empty

// Optional attention bias

// [num_tokens]

// Size of sliding window (-1 if not

// Flag to enable KV scale calculation

// Number of prefill requests
// Number of prefill tokens
// Number of decode tokens

containing key and value cache tensors


https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-PU2Gdyom7oblslxV0SaciB26n6g
https://siorigin.feishu.cn/wiki/R7fVwBLTJi9q4gksl5vclX8wntb#share-PU2Gdyom7oblslxV0SaciB26n6g
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*/

str

uct KVCache {
torch: :Tensor key_cache;

num_kv_heads, head_size]

torch: :Tensor value_cache;

num_kv_heads, head_size]

3
Jx*

* @brief Performs attention computation with support for various attention
mechanisms

*

* @param output Output tensor to store attention results
[batch_size, seq_len, hidden_size]

* @param query Query tensor [batch_size, seq_len, hidden_size]

* @param key Key tensor [batch_size, seq_len, hidden_size]

* @param value Value tensor [batch_size, seq_len, hidden_size]

* @param kv_cache KV cache structure containing key and value
cache tensors

* @param metadata Attention metadata structure

* @param num_heads Number of attention heads

* @param num_kv_heads Number of key/value heads (for MQA/GQA)

* @param head_size Size of each attention head

* @param scale Scaling factor for attention scores

* @param k_scale Scale factor for key (for FP8 quantization)

* @param v_scale Scale factor for value (for FP8 quantization)

* @param attn_type Type of attention (O=decoder, Il=encoder,
2=encoder_only, 3=encoder_decoder)

*

*

*

int block_size;
int max_blocks;

// [nhum_blocks, block_size,

// [num_blocks, block_size,

// Size of each block

// Maximum number of blocks

@return torch::Tensor Output tensor with attention results

* @note This is a higher—-level interface that uses PyTorch tensors directly

* @note It internally calls the lower-level attention_forward function

*/

tor

ch::Tensor attention_forward(
torch::Tensor query,

torch: :Tensor key,

torch: :Tensor value,

const KVCache& kv_cache,
const AttentionMetadata& metadata,
int num_heads,

int num_kv_heads,

int head_size,

float scale,

float k_scale,

// Query tensor

// Key tensor

// Value tensor

// KV cache structure

// Attention metadata

// Number of attention heads

// Number of key/value heads

// Size of each attention head

// Scaling factor for attention scores
// Scale factor for key (for FP8)



75 float v_scale, // Scale factor for value (for FP8)
76 int attn_type, // Type of attention
i torch::optional<torch::Tensor> output = torch::nullopt // Optional pre-
allocated output tensor
78 )
ISSUE
N ZEkernel

vllm::unified_attention_with_output[vLLM]

%%L:I n©en

https://github.com/vllm-
project/vllm/blob/6e1fc61f0fb90c37f0d4a1a8f76235a6e4e1103c/vllm/attention/layer.py#L328

1_7~E

N ARIAAattention layer forward() 57245 —1%& 0O, 5 EEMNMELHRE—RARRE, S¥HE

Boutput, AIUEE E—MHHERKAPI

AGER

1 def unified_attention_with_output(

2 query: torch.Tensor,

3 key: torch.Tensor,

4 value: torch.Tensor,

5 output: torch.Tensor,

6 layer_name: str,

7 ) -> None:

8 forward_context: ForwardContext = get_forward_context()
9 attn_metadata = forward_context.attn_metadata

10 self = forward_context.attn_layers[ layer_name]
11 kv_cache = self.kv_cache[forward_context.virtual_engine]
12 self.impl. forward(self,
13 query,
14 key,
15 value,
16 kv_cache,
17 attn_metadata,
18 output=output)

__scaled_mm

%%1= nen


https://github.com/vllm-project/vllm/blob/6e1fc61f0fb90c37f0d4a1a8f76235a6e4e1103c/vllm/attention/layer.py#L328
https://github.com/vllm-project/vllm/blob/6e1fc61f0fb90c37f0d4a1a8f76235a6e4e1103c/vllm/attention/layer.py#L328

NV 3#: https://docs.nvidia.com/cuda/cublas/#id12
ERHESE . https://dev-discuss.pytorch.org/t/float8-in-pytorch-1-x/1815

Pytorch J&f5: E-F C++ithilt:
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/s
rc/ATen/native/cuda/Blas.cpp#L1365, cuBlasLt Kernel 78 At :
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/s
rc/ATen/cuda/CUDABIas.cpp#L1513

RINEEEZER1EMKRI: kFloat8_e5m2, kFloat8_e4m3fn

FEL T scale: tensor wise&row rise

CUDA Kernel Xt Tensor B3R/ https://docs.nvidia.com/cuda/cublas/#id83

34F tensor wise scaling B91ER, ZMKHB

AIHARY S #FR K
output_fp32=A_fp8@B_fp8*a_scale_fp32*b_scale_fp32
out dtype: float32

scale a dtype: float32

scale b dtype: float32

scale res: fJHAREEXHF

input a dtype: float8_e4m3fn

input b dtype: float8_e4m3fn

bias: #JHA T REXFF

RIEIR
import os

import torch

1

2

3

4 a = torch.eye(1l6, dtype=torch.float32)
5 al[o, 1] = 2
6

7

8

9

a[l1, 0] = 3
a1, 1] = 4
b = torch.eye(16, dtype=torch.float32)
b[O, 1] = 2
10  b[1, 0] = 3
11  b[1, 1] = 4
12  res_scale = 1.
13 a = a.cuda() / res_scale
14 b = b.cuda() / res_scale


https://docs.nvidia.com/cuda/cublas/#id12
https://dev-discuss.pytorch.org/t/float8-in-pytorch-1-x/1815
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/src/ATen/native/cuda/Blas.cpp#L1365
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/src/ATen/native/cuda/Blas.cpp#L1365
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/src/ATen/cuda/CUDABlas.cpp#L1513
https://github.com/pytorch/pytorch/blob/0b0d28accdcabfeb3e60cac536749d86138222f8/aten/src/ATen/cuda/CUDABlas.cpp#L1513
https://docs.nvidia.com/cuda/cublas/#id83
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c = a.mm(b)[:2,:2]

tensor ([[ 7., 10.],
[15., 22.]], device='cuda:0")

print(c)

a_scale = a.abs().max()
b.abs().max()

b_scale

a_fp8
b_fp8

(a / a_scale).to(dtype=torch.float8_e4m3fn)
(b / b_scale).to(dtype=torch.float8_e4m3fn)

# to column-major
b_fp8 = b_fp8.t().contiguous().t()

c2 = torch._scaled_mm(a_fp8, b_fp8, a_scale, b_scale)[:2,:2]
tensor ([[ 7., 10.],
[15., 22.]], device='cuda:0', dtype=torch.float8_e4m3fn)

print(c2)

c3 = torch._scaled_mm(a_fp8, b_fp8, a_scale, b_scale, out_dtype=torch.float32)
[:2,:2]
tensor ([[ 7., 10.],

[15., 22.]], device='cuda:0")

print(c3)

scale_res = a_scale x b_scale

c4 = torch._scaled_mm(a_fp8, b_fp8, torch.tensor([1.0]).cuda(),
torch.tensor ([1.0]).cuda(), scale_result=scale_res)[:2,:2]
mmn
tensor ([[ 7., 10.],
[15., 22.]], device='cuda:0', dtype=torch.float8_e4m3fn)

print(c4)

bias = torch.tensor([1.0] * 16, dtype=torch.bfloatl6).cuda()
c5 = torch._scaled_mm(a_fp8, b_fp8, a_scale, b_scale,
out_dtype=torch.float8_e4m3fn, bias=bias)[:2,:2]



59
60
61
62
63
64
65

tensor ([[ 8., 11.],
[16., 24.]], device='cuda:0', dtype=torch.float8_e4m3fn)

print(c5)

Tensorwide scaling is enabled when cUBLASLT_MATMUL_DESC_X_SCALE_MoDE attributes (here x standsfor 4, 8, ¢, b,or AUX;see

cublasLtMatmulDescAttributes_t) for all FP8-precision tensors is set to CUBLASLT_MATMUL_MATRIX_SCALE_SCALAR_32F (this is the default value for FP8
tensors). In such case, the matmul operation in cuBLAS is defined in the following way (assuming, for exposition, that all tensors are using an FP8

precision):

D = scalep - (o - scale - scaleg - op(A)op(B) + B - scalec - C).

Here A, B, and C are input tensors, and scale 4, scalep, scalec, scalep, a, and 8 are input scalars. This differs from the other matrix
multiplication routines because of this addition of scaling factors for each matrix. The scale 4, scale g, and scalec are used for de-quantization,
and scalep is used for quantization. Note that all the scaling factors are applied multiplicatively. This means that sometimes it is necessary to use
a scaling factor or its reciprocal depending on the context in which it is applied. For more information on FP8, see cublasL.tMatmul() and
cublasLtMatmulDescAttributes_t.

For such matrix multiplications, epilogues and the absolute maximums of intermediate values are computed as follows:

Auiemp = a - scale - scalep - op(A)op(B) + B - scalec - C,
Dtemp = Epﬁowe(“q-umtemp)r
amazp = absmaz(Diemp),
amac gy, = absmaz(Auziemp),
D = scalep * Doy,
Auz = scale gyz * AUZ orp.

Here Awz is an auxiliary output of matmul consisting of the values that are passed to an epilogue function like GELU, scale 4 is an optional
scaling factor that can be applied to Aux, and amaz 4., is the maximum absolute value in Aux before scaling. For more information, see
attributes CUBLASLT_MATMUL_DESC_AMAX_D_POINTER and CUBLASLT_MATMUL_DESC_EPILOGUE_AUX_AMAX_POINTER in cublasLtMatmulDescAttributes_t.



See the table below when using FP8 kernels:

CUDA_R_BF_E4M3

CUDA_R_8F_E5M2

Table 3. When A, B, C, and D Use Layouts for FP8

AType BType CType DType Bias Type

CUDA_R_BF _E4M3

CUDA_R_BF _ESM2

CUDA_R_BF_E4M3

CUDA_R_16BF ~

CUDA_R_16BF CUDA_R_16BF
CUDA_R_8F_E4M3 CUDA_R_16BF S
CUDA_R_16F CUDA_R_16F CUDA_R_16F 8
CUDA_R_8F _EAM3 CUDA_R_16F ©
CUDA_R_32F CUDA_R_32F CUDA_R_16BF S
CUDA_R_16BF CUDA_R_16BF CUDA_R_16BF 8
CUDA_R_8F_E4M3 CUDA_R_16BF O
CUDA_R_8F _ESM2 CUDA_R_16BF
CUDA_R_16F CUDA_R_16F CUDA_R_16F 8
CUDA_R_8F _E4M3 CUDA_R_16F ©
CUDA_R_8F _ESM2 cubA_R_16F 8
CUDA_R_32F CUDA_R_32F CUDA_R_16BF &
CUDA_R_16BF CUDA_R_16BF CUDA_R_16BF 8
CUDA_R_8F _E4M3 CUDA_R_16BF 8
CUDA_R_8F_E5M2 CUDA_R_16BF S
CUDA_R_T6F CUDA_R_16F CUDA_R_16F ©
CUDA_R_8F_E4M3 CUDA_R_16F
CUDA_R_8F_E5M2 CUDA_R_16F 8
CUDA_R_32F CUDA_R_32F CUDA_R_16BF &

CUBLASLT_EPILOGUE_BIAS = 4

Apply (broadcast) bias from the bias vector. Bias vector length must match matrix D rows, and it must be
packed (such as stride between vector elements is 1). Bias vector is broadcast to all columns and added
before applying the final postprocessing.

mm MXFormat

S2EER

LA https://github.com/pytorch/ao/tree/main/torchao/prototype/mx_formats

NV 3Z#: https://docs.nvidia.com/cuda/cublas/#id12


https://github.com/pytorch/ao/tree/main/torchao/prototype/mx_formats
https://docs.nvidia.com/cuda/cublas/#id12

1. MXTensor &% Tensor, i@id__torch_dispatch__R4ME:
XFF mm

a. Tensor @ MXTensor -> convert(Tensor->MX) @ check_and_transform_shape([MX,MX]) ->
return convert(MX -> Tensor)

b. MX @ MX -> check_and_transform_shape([MX,MX]) -> return MX

AR

a. convert (Tensor->MX) BY, BHFEEEEFE MXFormat Xt RZRYIERS shape, # B padding, i#
fH&#: BSiPU 1.0 Tiled Format Z22#93&it+ A% v1.0

b. check_and_transform_shape ZERHE HERIEE MXTensor @EH— MXTensor B %E/A %Ep%
HEMRK, FTE check, BERTFX—F transform FHIRK, &IFHE warning

c. BXEFERBERF M32 | tile shape

2. B4 Storagelmpl, &% pytorch_ascend B, 0 desc I, IEREPRAIATE alignment 1§
5, RRARERNEFER

ISSUE:
O WF Op 2, REIEIME aten:mm LIRZSIE—NIMNETF

O BEEEME aten:mm ERHEEX D op SINAIFRE dispatch key B REIERALIE
MXTensor

O BEXEIAYIE AutoGrad HSRILE R B 455 0 18

mx_to_high_precision/high_precision_to_mx
mx_ptr B9 size B LURIE tileformat XA ITEH R

data size:

o mxint8:M*N
o mxfp6:M*N*3/4

Header size:

o mxint8&: M *N /16
o mxfp6:M*N /32

e.g. mxfp6, supertile(M=32, N=128*4=512), data size=12288B, header size=512B, total=12800B

e.g. mxint8, supertile(M=32, N=32*4=128), data size=4096B, header size=256B, total=4352B
BRIz 1Fa9hRA A tile to tile, HEZRSTE_EEM linear to tile/tile to linear

AR


https://siorigin.feishu.cn/docx/BhzVd25X8ox5nWx8C5Nc7mJCnWb?edition_id=n9E6xy#share-NKQQdDziWoUgBwxnH5ucFL78nCg
https://siorigin.feishu.cn/docx/BhzVd25X8ox5nWx8C5Nc7mJCnWb?edition_id=n9E6xy#share-NKQQdDziWoUgBwxnH5ucFL78nCg

// MX_T: sifmt::mxint8, sifmt::mxfp6e3m2, sifmt::mxfp6e2m3
// HP_T: sifmt::bfloatl6, sifmt::floatl6, sifmt::float32
template<typename MX_T, typename HP_T>

AW N R

void mx_to_high_precision(void* mx_ptr, HP_T* hp_ptr, int batch_size, int
dim@, int diml)

template<typename MX_T, typename HP_T>

void high_precision_to_mx(void* mx_ptr, HP_T* hp_ptr, int batch_size, int
dim@, int diml)

_empty_affine_quantized
N

(GRS

# PYTHON#F

import torch

1
2
3
4 # PIE—TZHIQTensor

5 a = torch._empty_affine_quantized(
6

7

8

9

size=(3, 4),
dtype=torch.quint8,
scale=0.02,
zero_point=64,
10 device='"cpu'
11 )
12
13 print(a)
14
15 frien
16 >>> tensor([[ 3.5200, 2.1400, 3.7200, -0.4200],
17 [-0.4000, 1.0600, -1.2800, -1.2800],
18 [-0.8000, 3.3200, 3.3200, -0.5400]], size=(3, 4), dtype=torch.quint8,
19 quantization_scheme=torch.per_tensor_affine, scale=0.02, zero_point=64)
20 frien

[NOTE] FEEFFII

SEL

Source file: pytorch/aten/src/ATen/native/quantized/TensorFactories.cpp: 15



empty_affine_quantized(

dtype,
> layout,
ce> device,
> pin_memory,

zero_point
al<cl > optional_memory_ format) {

TensorOptions options_ = TensorOptions().dtype(dtype).layout(layout).device(device).pinned _memory(p r pin_memory);

TORCH_CHECK
! (options_.has_memory_format() &% optional_memory_format.has_value()),

options: Ten ns = options_.merge_memory_format(optional_memory_format);
TORCH_CHECK
options.has_dtype(),

: make_per_tensor_affine_guantizer(

scale, zero_point, sc type: typeMetaToScalarType(

empty_affine_quantized 2_empty_affine_quantizedBIRZFLIIZEO, XBFET
new_qtensor, 8JE—7%=QTensor, QTensorBREELIEMTensord&—1Quantizer,

Source file: pytorch/aten/src/ATen/quantized/Quantizer.cpp: 108



r new_qtensor(

tr quantizer)
memory_format: - = options.memory_format_opt(
= device: = options.device();
at::Allocator* allocator = nullp

.value_or

device.is_cuda()
allocator = at::detail::getCUDAHooks().getCUDADeviceAllocator();
€ device.is_cpu())
allocator = at::getCPUAllocator();
device.is_meta()
GetAllocator(t: kMeta);
device.is_privateuseone()
GetAllocator(t: kPrivateUsel);

else if
allocator =
if

allocator =

TORCH_INTERNAL_ASSERT(@,

- USE_PYTORCH_QNNPACK
f (at::globalContext().gEngine() == at::QEngine: :QNNPACK
TORCH_CHECK( !device.is_cuda(), '

allocator = cle::GetDefaultMobileCPUAllocator();

at::DispatchKey tensorDispatchKey = options.computeDispatchKey();
native: :check_size nonnegative(si sizes);
auto dtype: caffe2::TypeMeta options.dtype();
TORCH_CHECK(
isQIntType(t: typeMetaToScalarType(dtype)),

‘u: MemoryFormat: :Contiguous);

, device);




-~ USE_PYTORCH_QNNPACK
if (at::globalContext().qEngine() == at::QEngine: :QNNPACK
TORCH_CHECK( !device.is_cuda(),

allocator = c10::GetDefaultMobileCPUAllocator();

at::DispatchKey tensorDispatchKey = options.computeDispatchKey();
native::check_size_nonnegative(si sizes);
auto dtype: caf =1 a options.dtype();
TORCH_CHECK

isQIntType(t: typeMetaToScalarType(dtype)),

typeMetaToScalarType(dtype),

to scalar_type: ScalarType = typeMetaToScalarType(dtype);
size_bytes = get_sub_byte_tensor_size(sizes, dtype_itemsize: dtype.itemsize(), t: scalar_type);

make_storage_impl
e: StorageImpl::use_byte size t(),

size_bytes,
' ~: allocator->allocate(n: size_bytes),

Crue,

s ce_opt: device);

o tensor: Te¢ detail: :make_tensor<( mpl>

storage, at::DispatchKeySet(k: tensorDispatchKey), dtype, quantizer);
get_gtensorimpl(self: tensor)->set _sizes contiguous(r ze: sizes);
get_qgtensorimpl(self: tensor)->empty_tensor_restride(memory_format);
r n tensor;

is_neg
#|#r— N TensorfDispatchKeySetH fINegative I 2 BHWIZE -

Nt

AR

import torch

a = torch.tensor((3, 4))

>>> False

1
2
3
4
5 print(torch.is_neg(a))
6
7
8
9
10
11
12 b = torch._C._set_neg(b, True)

13 print(torch.is_neg(a))
14



15 nnn
16 >>> True
17 nnn

TRED
Source file: pytorch/aten/src/ATen/core/TensorBase.h: 392

inline bool is_nheg const

return impl_->is_neg();

Source file: pytorch/c10/core/Tensorimpl: 1442

inline bool is_neg const

constexpr auto negative_ks = DispatchKeySet(DispatchKey: :Negative);
return key_set .has_all(negative ks);

[NOTE] AREELI, IheEHpytorchRERTERL
is_conj
#|#r— N TensorfDispatchKeySet® iy Conjugate i@ BHWIRE -

Nt

AR

import torch

a = torch.tensor((3, 4))

>>> False

1
2
3
4
5 print(torch.is_conj(a))
6
7
8
g

10



11

12 b = torch._C._set_conj(b, True)
13 print(torch.is_conj(a))

14

15 mmn

16 >>> True

17 mmn

JRED
Source file: pytorch/aten/src/ATen/core/TensorBase.h: 380

inline bool 1s conj const

return impl_->is_conj();

Source file: pytorch/c10/core/Tensorimpl: 1393

inline bool is_conj const

constexpr auto conjugate_ks = DispatchKeySet(DispatchKey: :Conjugate);
return key_set .has_all(conjugate_ks);

[NOTE] REELI, IHeEHpytorchIZFZERL

contiguous

SEER

pytorch3#4: https://docs.pytorch.org/docs/stable/generated/torch.Tensor.contiguous.html

il
AR
1 import torch
2
3
4 a = torch.randn((3, 4))


https://docs.pytorch.org/docs/stable/generated/torch.Tensor.contiguous.html

5 print(a.is_contiguous())
6
7 mmn
8 >>> True
9 mmn
10
11
12

13 b =a.T

14  print(b.is_contiguous())
15 ¢ = b.contiguous()

16  print(c.is_contiguous())
17

18 o

19 >>> False

20 >>> True

21 froen

et

Source file: pytorch/aten/src/ATen/native/TensorProperties.cpp: 115

Tensor contiguous(const Tensor& self, MemoryFormat memory format) {
if (self.is_contiguous(memory_format)
return self;

TORCH_CHECK
memory_format != MemoryFormat::Preserve,

return self.clone(memory_format);

}

Source file: pytorch/aten/src/ATen/native/TensorProperties.cpp: 2131

@i contiguous A Aclone A E NBImemory_format R =EPreserve, RitBEiZEelse®BiE,
XEH&EIE=Tensor, HiFHcopy_KE# Nsrc Tensor,



Tensor clone(
Tensoré& src,
std::optional<c1@: :MemoryFormat> optional memory format) {

memory_ format = optional memory format.value or(MemoryFormat::Preserve);
Tensor self;

memory_format == MemoryFormat::Preserve
(src.is_non_overlapping _and_dense()) {

self = at::empty_strided_symint(
src.sym_sizes(), src.sym_strides(), src.options());

{
self = at::empty_like(src);

self = at::empty_like(src, src.options(), memory_format);

src._is_zerotensor()
self.zero ();

self.copy (src);

self;

[NOTE] #Ki#ficopy_75 &5,
INTEAIEHA T =

Htt BB 5%
1. ERLE, EHEEl, %Aint328EfloatscE

9.2. Cambricon PyTorchiJll& s

Q: {#FCambricon PyTorchil|Zxfd, HIMZELUwarning:
torch/nn/modules/batchnorm.py:113: UserWarning: cast int64(double) to int(float) implicitly due to known MLU restrictions.
A: BFEAXRR6AMI, BIABERT, longmlint64sLRIEIRAE T NINt32, double BUEHRESEMTHfloatskEY,

FBFER BB R REEIEBRIARIEMT:  export caTcH ALLOW_s48TT_To_32817_casTiNG=o , HNSRMILZRHICANEIERT, ITERRE, AT, BIEAPythonREG6A SRR HIHER 321,

2. M¥E torch_gcu2.5

7.6. EFiE)A

1. [RERE AT ASS64UEEY, MI64, F64%E, torch_gcuffe=(iEiR, Ha(ER32{UdiElt, Tt SEUEERRsEERHbD
., EEASEtwarninglEREE.
2. BF1, Htensor964ZRERT, {Fftensordata ptriEZRENAIHEUIFTEERIR

3. B/REIZGPUR B 2641 8HE



4. AEFEtorch_npulRBBMZMANEBR I URE [FEFIR] EFBAILIESE--DaVinciZety (&
B7t) -otX-EAT Al core R4 EIERE, 28— K 6411t HopiE AICPU(TRE1t
B8 Jt) Lop_plugin/ops/base_ops/aclops/ArgsortKernelNpu.cpp - Ascend/op-plugin -
Gitee.com, {BEHE—E&ERAEMRITNEFZHFint64
op_plugin/ops/base_ops/aclops/NonzeroKernelNpu.cpp - Ascend/op-plugin - i3 = - FEAH
EFRFBEFREPKI, TEMIAEMA S,

5. NV https://forums.developer.nvidia.com/t/question-about-64-bit-integer-
performance/64147 IEX N EIZEFRAUEE], TEAMpereZ2ty Z Bi#ERA R4 15641 TRt
B, MEBERHEM, kO AE3281K321L, FAEER INT32 B2xrnFitE. AmpereZ/F/R
G F64IIT R,

SIPURI&Z /X

HE1: FHint32 #&ilint64 (EMANV Ampere 2249281, EETkernelh4biR)

B int32 TEHHERT— int64 #(E, BEBEALNONEEMILE, W7 EFRLTUM, B
EBLLIRRRM, STUAFIASIMDEFYE, BRIESHERT S, MEESERE

FR2: IREEIEEE (REITEEZREPHITEE)

¥ inte4 KEBEHN int32 (BHINSETEEREE 2/31-1)

HZE 3: FHRV CoreitE

FKMENBFZR, RV coreBRIZIF64(IMscalaritE, FEHcpulNZBiEE X mEkernel, {BEETEF
FASIMDEY%HIE, MEEIRE,

LR E=wakiil

int32 R AHVE-2147483648 F 2147483647

1. bincount: FitE—layerh#iEPHNERES, EREAN256, FAJLUEFIEIN32EERN
2. add_func

(AN RS

1 /share_data/users/haoliu2/miniconda3/envs/SIPU/lib/python3.10/site-
packages/transformers/generation/utils.py
if model_kwargs.get("use_cache'", True):
model_kwargs(['"cache_position"] = model_kwargs['"cache_position"]
[-1:] + num_new_tokens
else:
past_positions = model_kwargs.pop(''cache_position')
new_positions = torch.arange(


https://bbs.huaweicloud.com/blogs/134401
https://bbs.huaweicloud.com/blogs/134401
https://gitee.com/ascend/op-plugin/blob/f0c7c30511d6be699a3fa89345371eead77adac4/op_plugin/ops/base_ops/aclops/ArgsortKernelNpu.cpp
https://gitee.com/ascend/op-plugin/blob/f0c7c30511d6be699a3fa89345371eead77adac4/op_plugin/ops/base_ops/aclops/ArgsortKernelNpu.cpp
https://gitee.com/ascend/op-plugin/blob/f0c7c30511d6be699a3fa89345371eead77adac4/op_plugin/ops/base_ops/aclops/NonzeroKernelNpu.cpp
https://gitee.com/ascend/op-plugin/blob/f0c7c30511d6be699a3fa89345371eead77adac4/op_plugin/ops/base_ops/aclops/NonzeroKernelNpu.cpp
https://forums.developer.nvidia.com/t/question-about-64-bit-integer-performance/64147
https://forums.developer.nvidia.com/t/question-about-64-bit-integer-performance/64147

7 past_positions[-1] + 1, past_positions[-1] + num_new_tokens +
1, dtype=past_positions.dtype
) .to(past_positions.device)
model_kwargs["cache_position"] = torch.cat((past_positions,
new_positions))

10 return model_kwargs

model_kwargs["cache_position"] #1 num_new_tokensf R EZHHIERABRATEENEA LT
X E config.max_position_embeddings SREZIHFH ETXKEMEX, BREZHLETXKERK
FIERZGemini, RXEFAHEKF, TE2EIN32BEEUA, REEEHXE

3. mul_func:

(ACEEES

1 /share_data/users/haoliu2/miniconda3/envs/SIPU/1lib/python3.10/site-
packages/transformers/generation/utils.py

7f has_eos_stopping_criteria:
next_tokens = next_tokens * unfinished_sequences + pad_token_id *x (1 -
unfinished_sequences)

o YRFEMNFY, REBRETMHT—N<LHE (next_tokens ) o
o WEFEMNFYI, FE7R<H ( pad_token_id ) BFUNLER,
IBICRAME: max(vocab_size - 1, pad_token_id)

GPT-2: ACE&R A/ 50,257 = s K< h#ID = 50,256

LLaMA-2: JEjCE&RA/N 32,000 = SASHEID = 31,999

BERT: iaCZ& A/ 30,522 —» = ASHEID = 30,521

DS V3: JECE&R A/ 129,280 - s ASHEID = 129,279
pad_token_id BER/N ({0 0) , F=EEEMREKE

B LA S EmaxBVEEInt320ERE AN, RF7EiE H XU

BRIHEFEEERMEI TR, HEint323R 02
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