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Operation Name

_C::fused_add rms_norm

_C::rms_norm

_C::silu_and_mul

_C_cache_ops::concat_and_cache_mla

_moe_C:moe_align_block_size

_moe_C::moe_sum

_vllm_fa2_C::varlen_fwd

aten::_log_softmax
aten::_reshape_alias
aten::_softmax
aten::_to_copy
aten::_unsafe_view
aten::add.Tensor
aten::alias

aten::arange

aten::arange.start_out

aten::arange.start_step

aten::argmax
aten::as_strided
aten::bitwise_not
aten::bmm
aten::cat
aten::chunk
aten::clamp

aten::clone

aten::constant_pad_nd

aten::contiguous
aten::copy_
aten::cos
aten::cumsum
aten::detach
aten::detach_
aten::div.Tensor
aten::div_.Tensor

aten::embedding

atan-ramntv mamnrv farmat

op 14 = Need Impl

& OPHYFF % 3HH X
& OP MIFF &I X
& OP BYFF &3 X
& OP WA &I X
B OP BYFF & XH4 X
El OP BYFF & X5 X
B OP By & XH4 X
& OPHYFF & 3T X
B OP BYFF A& XH4 X
& OPHYFF & 3T X
CompositeExplicitAutograd
CompositeExplicitAutograd
DONE X
CompositeExplicitAutograd
& OPHYFF % 3HH

& OPHYFF &SI

& OP BYFF &3

& OPHYFF & ST#

& OPHYFF % 3HH

El OP BYF & X 15

B OP BYFF A& XH4

& OPHYFF & ST#
CompositelmplicitAutograd
El OP BYFF & X5 X
CompositeExplicitAutograd

X
X
X
X
X
X
X
X

CompositeExplicitAutograd
CompositelmplicitAutograd
CompositeExplicitAutograd
E OPRYFF &N X
& OPHYFF & ST# X
CompositeExplicitAutograd
CompositeExplicitAutograd
E OPRYFF &N X
B OP WA &
CompositeExplicitAutograd

NDONF X

> X X X X X X X X X X X xX >xX X

x x x X

X oxX X X X X X X X X Xx



::empty_like
::empty_strided
::expand
::exponential_
=:fill_.Scalar
«fill_.Tensor

::flatten.using_ints

aten::full

aten::

aten::

aten:

aten::
aten::
aten::
aten::

aten::

aten::

aten:

aten::

aten::

aten::

aten::

aten::

aten::

aten::

aten::

aten::

aten::

aten:

aten::

aten::

aten::
aten::
aten::
aten::
aten::

aten::

gather

index.Tensor

:index_select

le.Tensor
lift_fresh

linear
log_softmax.int
lt.Tensor

masked_fill.Scalar

:masked_fill_.Scalar

matmul
max.dim
mm
mul.Tensor
narrow

neg

ones

pad
permute

pow.Scalar

:pow.Tensor_Tensor_out

reciprocal
repeat_interleave.self_int
reshape

resize

result_type.Scalar
result_type.Scalar_Tensor
rsub.Scalar

scalar_tensor

CompositeExplicitAutograd
DONE X
CompositeExplicitAutograd

& OPHYFF &SI X
& OPHYFF % 3HH X
& OPHYFF &SI X

CompositelmplicitAutograd
CompositeExplicitAutograd
& OPHIF LI
B OPHYFF R HH
& OPHIFA LI

B OP MIFF & i
CompositeExplicitAutograd

X
X
X
X

CompositelmplicitAutograd

CompositelmplicitAutograd

B OP BF LRI X
CompositeExplicitAutograd

& OPHYFF & 3HH X
CompositelmplicitAutograd
B OP FYA & H4 X
& OPHYFF & 3iY X
& OPHYFF & 3H X

CompositelmplicitAutograd
DONE X
CompositeExplicitAutograd
CompositelmplicitAutograd
CompositeExplicitAutograd

B OP WA &I X
B OP MIFF & H4 X
B OP WA &I X
& OP WA AXIE X
CompositelmplicitAutograd
B OP MIFF & #4 X

CompositelmplicitAutograd
CompositelmplicitAutograd

E OP BIFF &1 X
CompositeExplicitAutograd

xX X X X X X X X X

> X X X X X X X X X X X X X X X X



aten::scatter_.src B OP BIFF & 3CH X
aten::scatter_.value scatter_.value

aten::select.int CompositeExplicitAutograd X
aten::sin B OPHIFF &Y X X
aten::slice.Tensor CompositeExplicitAutograd X
aten::softmax.int CompositelmplicitAutograd X
aten::sort B OP MY &304 X X
aten::sort.stable B OP BYFRCHY X X
aten::split.Tensor CompositeExplicitAutograd X
aten::split_with_sizes CompositeExplicitAutograd X
aten::squeeze.dim CompositeExplicitAutograd

aten::stack CompositeExplicitAutograd X
aten::sub.Tensor B OPHYFF & 3THY X X
aten::sum.IntList_out B OP A &Y X X
aten::t CompositeExplicitAutograd X
aten::to.dtype CompositelmplicitAutograd X
aten::to.dtype_layout CompositelmplicitAutograd X
aten::topk B OP MYA &Y X
aten::transpose.int CompositeExplicitAutograd X
aten::unsqueeze CompositeExplicitAutograd X
aten::view B OP MY &304 X X
aten::zero_ B OP BYFFRTHY X X
aten::zeros CompositeExplicitAutograd X
aten::zeros_like CompositeExplicitAutograd
vllm::inplace_fused_experts B OP BYFF &34 X X
vllm::unified_attention B OP A &Y X X

HF transformers

> xX >xX X

attn_implementation = "eager” Hit@8TIMHTF, REHFEIHIZES5T (Need Impl)
5llama2 op list #LL, FEEBFLIMHNES opBIIMRINLIE
Deepseek-v3 MEE16M InNEE

attn_implementation="flash_attention_2" 28— MM EEimplEF
flash_attn::_flash_attn_forward



Operation Name

aten::

aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::
aten::

aten::

op M4

_index_put_impl_ B OPHIFF A CHY
aten::_local_scalar_dense [ OPRYF &Y
_softmax B OPHIFF A CHY
add Tensor B OPHYFF &1
any B OPHYFF & 31
any.dim B OPHYFF &1
arange B OPHYFF & 31
arange.start_out B OPHYFF & >TH
arange.start_step ® OPHYFF&STH
argmax B OPHYFF & >TH
as_strided ® OPHYFF&STH
bitwise_andTensor B OPHIFF&EHY
bitwise_not B OPHYFF&STH
bitwise_orTensor &) OPHYFF &Y
bmm B OPHYFF&STH
cat B OPHYFF &1
cos B OPHYFF&STH
cumsum B OPHYFF & >TH
div.Tensor E OP WFF & 3CH
empty.memory_forma DONE
empty_strided DONE
eq.Scalar B OPHYFF &1
eq.Tensor B OPHYFF&STH
fill_.Scalar B OPHYFF & SCHY
floor_divide B OPHYFF&STH
gather B OPHYFF & >TH
index.Tensor B OPHYFF&STH
index_select B OPHIFF &Y
isin.Tensor_Tensor B OPHYFF&STH
lt.Scalar B OPHYFF &1
[t.Tensor B OPHYFF&STH
masked_fill_.Scalar B OPHIFFEHY
max B OPHYFF&STH
mean.dim B OPHYFF &1
mm B OPHYFF&SH

aten::

aten-:

miil Tanenr

[E NDAGTIT £ 7Ry

Need Impl

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

v Init= Prefil = PrefillF =
X

> X X X X X X Xx

X X X X X X X X X X X X X X XX X X X

Prefil -

>x X X X X

>x X X X X



aten:neg B OPHIFF &A1Y X X
aten::pow.Scalar B OPHYF &Y X X
aten::pow.Tensor_Scalar B OPHIFF &A1Y X X
aten::pow.Tensor_Tensor_ot [E OPRYFF &1 X X
aten::reciprocal B OPHIFF &A1Y X X
aten::resize_ B OPHYF &1 X X X
aten:rsqrt B OPHIFF A CH4 X X
aten::rsub.Scalar B OPHYF &Y X X X
aten::sigmoid B OP MFF A4 X X

aten::silu B OPHYF &Y X X

aten::sin B OPHIFF A1 X X

aten::sort B OPHYF &A1Y X X
aten::sort.stable B OPHIFF &A1Y X X
aten::sub.Tensor B OPHYF &Y X X X
aten::sum.dim_IntList B OPHIFF &A1Y X X

aten::topk B OPHIF &1 X X

aten::view DONE X X X
aten::where.self B OPHYF &Y X X
aten::zero_ B OPHIFF &A1Y X X

llama2 opIEHA=1

'Operation Nam OP 244 ‘Need Impl Init Prefill Prepare Prefill Forward Prefill Postpt

‘aten::ge.Scalar B OP WA A X
aten::gtTensor [E] OP By A7 X

aten:

‘triu

FP8 215

B OP By %3 X

X
X
X

1813 DeepSeekFEHIweights (https://huggingface.co/deepseek-ai/DeepSeek-V3-
Base/tree/main) +i&E8 (https://github.com/deepseek-ai/DeepSeek-
V3/blob/main/inference/kernel.py https://github.com/deepseek-ai/DeepSeek-
V3/blob/main/inference/model.py) %%

Embedding:

e model.embed_tokens.weight — {£F BF16, ~FEZ FP8


https://huggingface.co/deepseek-ai/DeepSeek-V3-Base/tree/main
https://huggingface.co/deepseek-ai/DeepSeek-V3-Base/tree/main
https://github.com/deepseek-ai/DeepSeek-V3/blob/main/inference/kernel.py
https://github.com/deepseek-ai/DeepSeek-V3/blob/main/inference/kernel.py
https://github.com/deepseek-ai/DeepSeek-V3/blob/main/inference/model.py
https://github.com/deepseek-ai/DeepSeek-V3/blob/main/inference/model.py

Multi-Headed Attention Layer (MLA):

e self_attn.kv_a_proj_with_mqa.weight = FP8 ( Linear ->fp8_gemm )

e self_attn.kv_b_proj.weight = FP8 (ColumnParallelLinear->Linear ->fp8_gemm )

 self_attn.o_proj.weight = FP8 (RowParallelLinear ->Linear ->fp8_gemm )

e self_attn.q_a_proj.weight = FP8 (ColumnParallelLinear->Linear ->fp8_gemm )

e self_attn.q_b_proj.weight = FP8 (ColumnParallelLinear->Linear ->fp8_gemm )

FFN:

* 3E MoE #1 MoE |&:
o mlp.down_proj.weight = FP8 (ColumnParallelLinear /Linear -> linear->fp8_gemm)
o mlp.gate_proj.weight — FP8 (Linear -> linear->fp8_gemm)

o mlp.up_proj.weight = FP8 (RowParallelLinear / ColumnParallelLinear -> linear-
>fp8_gemm)

R EERFP8EIERE T B kernel 25 fp8_gemm_kernel() https://github.com/deepseek-
ai/DeepSeek-
V3/blob/a878eadal8ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py#L115C5-L115C20

Efp8_gemm_kernelxHEkernelBtl.dot(), EEXH: https://triton-lang.org/main/python-
api/generated/triton.language.dot.html

DeepseekFERinferencefXi3AIColumnParallelLinear/RowParallelLinear/Linear £
fp8_gemm_kernelBY, XFRZTEpytorchiEZEHZEM SImatmul(gemm), mv(gemv), bmm=1"E7F

ttIMEEE L Mact_quant() weight_dequant() 2t kR E1EEhttps://github.com/deepseek-
ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py

TERRSSMHAITTEFRE, SIRFIESHFPSIER
1. FPREUXSESRENEF

https://docs.nvidia.com/deeplearning/transformer-engine/user-
guide/examples/fp8_primer.html#Mixed-precision-training-with-FP8


https://github.com/deepseek-ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py#L115C5-L115C20
https://github.com/deepseek-ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py#L115C5-L115C20
https://github.com/deepseek-ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py#L115C5-L115C20
https://triton-lang.org/main/python-api/generated/triton.language.dot.html
https://triton-lang.org/main/python-api/generated/triton.language.dot.html
https://github.com/deepseek-ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py
https://github.com/deepseek-ai/DeepSeek-V3/blob/a878eada08ea6913f5a2ae80a43afeffdef082ef/inference/kernel.py
https://docs.nvidia.com/deeplearning/transformer-engine/user-guide/examples/fp8_primer.html#Mixed-precision-training-with-FP8
https://docs.nvidia.com/deeplearning/transformer-engine/user-guide/examples/fp8_primer.html#Mixed-precision-training-with-FP8

« Delayed scaling, B{EISHANERIEIE T scale {8, FPAITEIIEFBILIE— kernel F5%
B, T amax B9ITERD scale EMEFESEMY, FAdiitEHE, A AREETERE
FP8 AUMEREE. 1B "{ZRIRIERY" scale EFEIMIMITERICR, FRSSIA—EIRE.

- To overcome that we need to know the scaling factor before seeing the output

Operator

Scaling factor

High precision .
Input output Fl n d FP8 output

maximum

Compute

T GEMM EF BRI tensor iBR— amax history {40, HUFHNTEE scale BT, FEMXDER
HPEYHsIE—ERBY Bl O amax R AE, LALLIEMINEX 4 tensor BY amax, HEIABRUTA
1T E scale &:

(GRS

1 FP8_MAX = maximum_representable_value(fp8_format)
2 new_scaling_factor = (FP8_MAX / amax) / (2 " margin)

2. FP8 Cast 5% EH F/paddingE &
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa%e7765a3bcd1e652e3539d57e85
cdbd5bc/transformer_engine/common/include/transformer_engine/transpose.h#L79
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa%e7765a3bcd1e652e3539d57e85
cdbd5bc/transformer_engine/pytorch/module/fp8_padding.py#L69

3. GEMM FP8 (REfF3ER%) BF

4. GEMM+activation+quantize fusion
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa%e7765a3bcd1e652e3539d57e85
cdbd5bc/transformer_engine/pytorch/module/layernorm_mlp.py#L715

5. FP8 % Bias-Dropout-Add EF, 1FFP8 castingt®{EMBias-Dropout-Add4& &


https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/common/include/transformer_engine/transpose.h#L79
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/common/include/transformer_engine/transpose.h#L79
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/pytorch/module/fp8_padding.py#L69
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/pytorch/module/fp8_padding.py#L69
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/pytorch/module/layernorm_mlp.py#L715
https://github.com/NVIDIA/TransformerEngine/blob/db2aaa9e7765a3bcd1e652e3539d57e85cdbd5bc/transformer_engine/pytorch/module/layernorm_mlp.py#L715

Transformer Engine

/ Transformer Layer \

LayerNormMLP

LayerNormLinear

DotProduct o
Attention H Projection

Dropout LayerNorm

\ J

Attention IE

precompute_freqs_cis + apply_rotary_emb part (ROPEZ i fEcpu tis
17)

1. arange() -> aten::arange.start_out (MID)

2. ones() ->fill_.Scalar ((MID))

3. clamp.out (MID)

4, data type cast (MID)

a. Data type cast for direct_copy_kernel_sipu is not supported now

HADIR

1 Bikinput Abfle, {BRview_as_complex/view_as_realitBEERKinputHfloat32, WERER
Aflsipulltype cast, BERKE|cpu M

5. copy size restrict (BUG) @ yunyi WIP

(AN RS

1 copy size > 8k &coredump, dsHFRIBEI[32, 16384] case
2 t = fake_arange(0, seqlen, 1, dtype=torch.bfloatl6)
3 ones = fake_ones(freqs.shape, dtype=torch.bfloatl6)

6. polar.out 3{#& cos.out + sin.out (MID)

(AN RS



ROPEF{IBEITHEEE

# torch.polar FYSHY

# https:

# TREERENEHRE

# RI& freqs = [x, y]

# M freqs_cis = [cos(x) + sin(x)i, cos(y) + sin(y)i]

1
2
3
4
5
6
7
8

fregs_cis = torch.polar(torch.ones_Llike(freqs), freqs)

RMSNorm (e fEcpuLi&1T, MID) BaiE2BrmsnormpyE{RLIN,
compositionB B F L FcKkFEE

1. aten::pow.Tensor_Scalar_out
aten::result_type.Scalar
aten::to.dtype
aten::mean.out
aten::sum.IntList_out
aten::fill_.Scalar

div_.Scalar + div_.Tensor

L N o 0 A~ W b

aten:rsqrt.out

Linear

others
1. aten::zero_ (mid)
FAR#ME1Eky cache, AJLAfEHaten::empty(sipuBE L) KE
2. aten:bmmoout{mustjdone
3. slicetfE
bug, ZHELZXM, {BEES=Hcore dump
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Input
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KV Projection

Split KV Features

-
— —

ra ™~
' i
K K_pe

bsz=seqrkv_lora_rank

Output Pracessing

linear(x, wo.weight)
WO Projection

+  Final Output

RIESIPURYIRIR A attention implementation (8&bmm, softmax) , linear(fIRMS_normi#

N— /= kS

ROPEZH, R/NTHEE, BaiA ESIPUMLET

H—EMbf 6 R okHS;) , RMS_norm(SIPUZSEER), ROPE(SIPUZSEIR) B

Embedding #IE
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Az N
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B IAECPUMI AL 22
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F.embedding() trace

© 0o N oo 00 b~ W NP

N NN NNNNNNERERRRBRRBRRRB B
© N~ 0O 0D WNROGOO®-NO UM WNRO

29

30
31

32
33
34
85
36
37
38
39

40
41

[call] op=[aten::embedding], key=[PythonTLSSnapshot]
[redispatchBoxed] op=[aten::embedding], key=[AutogradPrivateUsel]
[redispatch] op=[aten::embedding], key=[Python]
[callBoxed] op=[aten::embedding], key=[Python]
[callBoxed] op=[aten::embedding], key=[PrivateUsel]
[call] op=[aten::reshape], key=[PrivateUsel]
[call] op=[aten::view], key=[PrivateUsel]
[call] op=[aten::index_select], key=[PrivateUsel]
[call] op=[aten::_to_cpu], key=[PrivateUsel]
[call] op=[aten::to.dtype_layout], key=[BackendSelect]
[redispatch] op=[aten::to.dtype_layout], key=[PrivateUsel]
[call] op=[aten::_to_copy], key=[BackendSelect]
[redispatch] op=[aten::_to_copy], key=[PrivateUsel]

[call] op=[aten::empty_strided], key=[BackendSelect]

[redispatch] op=[aten::empty_strided], key=[CPU] (sipu_torchBi&N\)

[call] op=[aten::copy_], key=[PrivateUsel]

[call] op=[aten::_copy_from], key=[PrivateUsel]
[call] op=[aten::to.dtype_layout], key=[BackendSelect]
[redispatch] op=[aten::to.dtype_layout], key=[PrivateUsel]
[call] op=[aten::_to_copy], key=[BackendSelect]
[redispatch] op=[aten::_to_copy], key=[PrivateUsel]

[call] op=[aten::empty_strided], key=[BackendSelect]

[redispatch] op=[aten::empty_strided], key=[CPU] (sipu_torchBi&N\)

[call] op=[aten::copy_], key=[PrivateUsel]

[call] op=[aten::_copy_from], key=[PrivateUsel]
[redispatchBoxed] op=[aten::index_select], key=[CPU] (kSZH)
[call] op=[aten::empty.memory_format], key=[BackendSelect]
[redispatch] op=[aten::empty.memory_format], key=[CPU](sipu_torchBi%
A)
[call] op=[aten::select.int], key=[CPU] (CompositeExplicitAutograd, i
HNas_strided, sipu_torchBi&N\)
[call] op=[aten::as_strided], key=[CPU] (sipu_torchBi&A\)
[call] op=[aten::select.int], key=[CPU] (CompositeExplicitAutograd, &k
Has_strided, sipu_torchBiZN\)
[call] op=[aten::as_strided], key=[CPU] (sipu_torchBi&N\)
[call] op=[aten::to.dtype_layout], key=[BackendSelect]
[redispatch] op=[aten::to.dtype_layout], key=[PrivateUsel]
[call] op=[aten::_to_copy], key=[BackendSelect]
[redispatch] op=[aten::_to_copy], key=[PrivateUsel]
[call] op=[aten::empty_strided], key=[BackendSelect]

[redispatch] op=[aten::empty_strided], key=[PrivateUsel]
[14:01:10.016] [SIRT] [W] [2260291] [device.cpp:120] Legacy compatibility mode:
Converting SIPU to 1U1l6C

[call] op=[aten::copy_], key=[PrivateUsel]

[call] op=[aten::_copy_from], key=[PrivateUsel]



42 [call] op=[aten::view], key=[PrivateUsel]

1. atenusetectint

a. CompositeExplicitAutograd, f&k#i&E FHas_strided, BRI, LMt el UASELESIPU
iE1T

select trace

1 start select
2 [call] op=[aten::select.int], key=[PythonTLSSnapshot]
3 [redispatchBoxed] op=[aten::select.int], key=[AutogradPrivateUsel]
4 [redispatch] op=[aten::select.int], key=[ADInplaceOrView]
5 [redispatch] op=[aten::select.int], key=[Python]
6 [callBoxed] op=[aten::select.int], key=[Python]
7 [callBoxed] op=[aten::select.int], key=[PrivateUsel]
8 [call] op=[aten::as_strided], key=[PrivateUsel]
2. aten:index—setect-BEZEM

MLP/MoE(ffn)#EIE

MLP

1 class MLP(nn.Module):

2 mmn

3 Multi-Layer Perceptron (MLP) used as a feed-forward layer.

4

5 Attributes:

6 wl (nn.Module): Linear layer for +input-to-hidden transformation.
7 w2 (nn.Module): Linear layer for hidden-to-output transformation.
8 w3 (nn.Module): Additional linear layer for feature transformation.
9 mmn

10 def __init__(self, dim: int, dinter_dim: int):

ll mmn

12 Initializes the MLP layer.

13

14 Args:

15 dim (int): Input and output dimensionality.

16 inter_dim (int): Hidden layer dimensionality.

17 mmn

18 super().__init__()

19 self.wl = ColumnParallelLinear(dim, inter_dim)
20 self.w2 = RowParallellLinear(inter_dim, dim)

21 self.w3
22

ColumnParallellLinear(dim, inter_dim)



23 def forward(self, x: torch.Tensor) -> torch.Tensor:
24 o

25 Forward pass for the MLP Tlayer.

26

27 Args:

28 x (torch.Tensor): Input tensor.

29

30 Returns:

31 torch.Tensor: Output tensor after MLP computation.
32 o

33 return self.w2(F.silu(self.wl(x)) * self.w3(x))
34

35

36 WRINFEXMNEF

37 aten::silu

MoE

1 class Expert(nn.Module):

9 i

3 Expert layer for Mixture-of-Experts (MoE) models.

4 nn

5 def __init__(self, dim: int, inter_dim: int):

6 super().__init__()

7 self.wl = Linear(dim, inter_dim)

8 self.w2 = Linear(inter_dim, dim)

9 self.w3 = Linear(dim, inter_dim)
10
11 def forward(self, x: torch.Tensor) -> torch.Tensor:
12 o
13 Forward pass for the Expert layer.
14 i
15 return self.w2(F.silu(self.wl(x)) * self.w3(x))

16 SRINFELUHNEFSILP—K

17 aten::silu

18

19

20 class Gate(nn.Module):

21 o

22 Gating mechanism for routing inputs in a mixture-of-experts (MoE) model.
23

24 Attributes:

25 dim (int): Dimensionality of +input features.

26 topk (int): Number of top experts activated for each 1input.

27 n_groups (int): Number of groups for routing.

28 topk_groups (int): Number of groups to route 1inputs to.



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

50
51
52
S5
54
55
56
57
58
59

60
61
62
63
64
65
66
67
68
69
70
71
72

scor
rout
weig
bias

def __1in

Init

Args

supe

self.
self.
self.

self
self

self.
self.

args.dim))

self.

self.dim ==
def forw

Forw

Args

Retu
expert indic

Scor

if s

else

orig
if s

if s

e_func (str): Scoring function ('softmax' or 'sigmoid').
e_scale (float): Scaling factor for routing weights.
ht (torch.nn.Parameter): Learnable weights for the gate.

(Optional[torch.nn.Parameter]): Optional bias term for the gate.

it__(self, args: ModelArgs):

jalizes the Gate module.

args (ModelArgs): Model arguments containing gating parameters.

r().__init__()

dim = args.dim

topk = args.n_activated_experts

n_groups = args.n_expert_groups

.topk_groups = args.n_limited_groups

.score_func = args.score_func

route_scale = args.route_scale

weight = nn.Parameter (torch.empty(args.n_routed_experts,

bias = nn.Parameter (torch.empty(args.n_routed_experts)) if
7168 else None

ard(self, x: torch.Tensor) -> Tuple[torch.Tensor, torch.Tensor]:

ard pass for the gating mechanism.

x (torch.Tensor): Input tensor.

rns:
Tuple[torch.Tensor, torch.Tensor]: Routing weights and selected

es.

es = linear(x, self.weight)
elf.score_func == "softmax":

scores = scores.softmax(dim=-1, dtype=torch.float32)

scores = scores.sigmoid()

inal_scores = scores

elf.bias 1is not None:

scores = scores + self.bias

elf.n_groups > 1:

scores = scores.view(x.size(0), self.n_groups, -1)
if self.bias is None:

group_scores = scores.amax(dim=-1)



73
74
75
76

7

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
98
94
95
96
97
98
99
100
101
102
103
104

105
106
107
108
109
110
111
112
113
114
115
116

dtyp

inf"

else:
group_scores = scores.topk(2, dim=-1)[0].sum(dim=-1)

indices = group_scores.topk(self.topk_groups, dim=-1)[1]

mask = scores.new_ones(x.size(0), self.n_groups,
e=bool).scatter_(1, indices, False)

scores = scores.masked_fill_(mask.unsqueeze(-1), float("-
)) .flatten(1)

indices = torch.topk(scores, self.topk, dim=-1)[1]

weights = original_scores.gather (1, indices)

if self.score_func == "sigmoid":
weights /= weights.sum(dim=-1, keepdim=True)
weights *= self.route_scale

return weights.type_as(x), indices

BREINFELRNEF

aten

aten:
aten:
aten:
aten:

aten:

aten
to.d
Data

clas

dist

::fill_.Scalar

:sigmoid

ramax.out

:topk.values

:gather.out

:sum.IntList_out

::div.out

type

type cast for direct_copy_kernel_sipu is not supported now

s MoE(nn.Module):

Mixture-of-Experts (MoE) module.

Attributes:
dim (int): Dimensionality of input features.
n_routed_experts (int): Total number of experts in the model.
n_local_experts (int): Number of experts handled locally 1in
ributed systems.

n_activated_experts (int): Number of experts activated for each input.

gate (nn.Module): Gating mechanism to route 1inputs to experts.

experts (nn.Modulelist): List of expert modules.

shared_experts (nn.Module): Shared experts applied to all inputs.

def __init__(self, args: ModelArgs):

Initializes the MoE module.

Args:

args (ModelArgs): Model arguments containing MoE parameters.



117
118
119

120
121
122
123
124
125
126

127
128

129
130
131
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
158

must be

super().__init__Q)

self.dim = args.dim

assert args.n_routed_experts % world_size == 0, f"Number of experts
divisible by world size (world_size={world_size})"
self.n_routed_experts = args.n_routed_experts

self.n_local_experts = args.n_routed_experts // world_size
self.n_activated_experts = args.n_activated_experts
self.experts_start_idx = rank x self.n_local_experts
self.experts_end_idx = self.experts_start_idx + self.n_local_experts
self.gate = Gate(args)

self.experts = nn.ModuleList([Expert(args.dim, args.moe_inter_dim) if

self.experts_start_idx <= i < self.experts_end_idx else None

for i in range(self.n_routed_experts)])

self.shared_experts = MLP(args.dim, args.n_shared_experts =

args.moe_inter_dim)

def forward(self, x: torch.Tensor) -> torch.Tensor:

Forward pass for the MoE module.

Args:

x (torch.Tensor): Input tensor.

Returns:
torch.Tensor: Output tensor after expert routing and computation.
o
shape = x.size()
X = X.view(-1, self.dim)
weights, indices = self.gate(x)
y = torch.zeros_Llike(x)
counts = torch.bincount(indices.flatten(),

minlength=self.n_routed_experts).tolist()

for i in range(self.experts_start_idx, self.experts_end_idx):
if counts[i] ==
continue
expert = self.experts[i]
idx, top = torch.where(indices == 1)
y[idx] += expert(x[idx]) * weights[idx, top, None]
z = self.shared_experts(x)
if world_size > 1:
dist.all_reduce(y)
return (y + z).view(shape)

BRENFEELANEF

aten: :bincount

aten::eq.Scalar_out



159 aten: :nonzero

W REINEEsipusStNEF
MLP module

1. atenssitu

Gate module

1. aten:fitt—Scatar

aten::amax.out (new)

©® N o oA W N

MoE module
1. aten-bincount—{rew)r—
2. ateneq.Scatar—out

3. aten::nonzero (new)

630 DS BaifEEir# (0623E#h)

Nonzero
1. bootZEBITHEEF

(AN RS




(GRS

O© o N oo 0 A W N BR

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27
28
29

30
31

32
33

indices_i = (indices == 1).cpu().to(torch.int32).to(device)
idx, top = indices_i .nonzero(as_tuple=True)

indices_i tensor([[0, 0],

(o, o],
(e, o],
(o, o],
(o, o],
(o, o],
(e, o],
(o, o],
(o, o],
(o, o],
[1, o],
(o, o],
[1, o],
[1, o],
[1, o],

[0, 0]], device='sipu:0', dtype=torch.int32)
indices_1i.shape torch.Size([16, 2])
indices_i.dtype torch.int32
indices_i.device sipu:0

indices_i.stride (2, 1)

/data/users/liuhao2/pytorch/torch/_tensor_str.py:137: UserWarning: 0The
operator aten::_reshape_alias appears to be a view operator, but it has no
implementation for the backend "sipu:0". View operators don't support falling
back to run on the CPU, since the tensor's storage cannot be shared across
devices. (Triggered internally at
/data/users/liuhao2/pytorch/aten/src/ATen/native/CPUFallback.cpp:304.)
tensor_view = tensor.reshape(-1)
idx Traceback (most recent call last):

File
"/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py", line
1378, in <module>

test_Transformer ()

File
"/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py", line
1307, 1in test_Transformer

output_prefill = model(tokens_sipu, device=torch.device("sipu"))

ANNAANANANNANNNANNANNANNANNANNANNANNANANNANNANANNANANNANNNAN
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35
36
37

38
89
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

File "/data/users/1liuhao2/pytorch/torch/nn/modules/module.py", line 1736, 1in
_wrapped_call_impl
return self._call_impl(*xargs, *xkwargs)
ANANANANANNANANNANNNANNANNNNANNANNANNANNNNNNN
File "/data/users/1liuhao2/pytorch/torch/nn/modules/module.py", line 1747, 1in
_call_impl
return forward_call(*xargs, **xkwargs)
ANANANNANNANANNANNNANNNNNNANNANNNNNNANNAN
File
"/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py", line
1238, 1in forward
h = layer(h, start_pos, freqs_cis, mask, device=device)
ANANANANANANANANANANANNANANANANANANNANNANANANNANANANANNANANANANANANNANANNANNNNNANNANN
File "/data/users/liuhao2/pytorch/torch/nn/modules/module.py", line 1736, 1in
_wrapped_call_impl
return self._call_impl(*xargs, **xkwargs)
ANAANANANANANANANAANANANANANANANANANANANNANANANANNANANN
File "/data/users/1liuhao2/pytorch/torch/nn/modules/module.py", line 1747, 1in
_call_impl
return forward_call(*xargs, **kwargs)
ANAANANANANANAANANANANANANANANANANANAANANANANANNANANANAN
File
"/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py", line
1174, in forward
X = X.cpu().bfloatl6().to(device) + self.ffn(
ANANANANANANANNAN
File "/data/users/liuhao2/pytorch/torch/nn/modules/module.py", line 1736, 1in
_wrapped_call_impl
return self._call_impl(*args, **kwargs)
ANANANANANANANAANAANANANNANANANANANAANANNANANANNNANANANN
File "/data/users/liuhao2/pytorch/torch/nn/modules/module.py", line 1747, -in
_call_impl
return forward_call(*args, xxkwargs)
ANAANANANANANANANANANNANAANANNANANAANNANNANNANANANAN
File
"/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py", line
628, in forward
print("idx", [idx)
File "/data/users/liuhao2/pytorch/torch/_tensor.py", line 523, in __repr

return torch._tensor_str._str(self, tensor_contents=tensor_contents)
AANANANAANANANNANAANANNANANANAANNNANANNANANANANANANANANANNNNANANNANAANNANAANANANANANNANANNANANNANANNANN
File "/data/users/liuhao2/pytorch/torch/_tensor_str.py", line 708, 1in _str
return _str_intern(self, tensor_contents=tensor_contents)
ANANANANNNANNNANNNANANANANAANANANNANNNANANNANNANNNANANANANNANANANNANNNNANNANN
File "/data/users/liuhao2/pytorch/torch/_tensor_str.py", line 625, in
_str_intern

tensor_str = _tensor_str(self, -indent)



68 ANNANNANNANNANANANANNNANNNANN

69 File "/data/users/liuhao2/pytorch/torch/_tensor_str.py", line 357, 1in
_tensor_str

70 formatter = _Formatter (get_summarized_data(self) if summarize else self)

71 AANANANANNANNANANANANAANANANAANNNANANNANANNANANANANANANNANNNANANNANANANANANANANANNNANANNANNANANNANN

72 File "/data/users/liuhao2/pytorch/torch/_tensor_str.py", line 137, 1in
__dnit__

73 tensor_view = tensor.reshape(-1)

74 AANAANAANANANAANANANAANANANANNAN

75 RuntimeError: setStorage: sizes [4], strides [2], storage offset 0, and
itemsize 8 requiring a storage size of 56 are out of bounds for storage of
size 32

76

(GRS

1 y[idx] += expert(x[idx].to(device), device).to(device) * weights[idx, top,
None] . to(device)

/data/users/liuhao2/torch_sipu/examples/run_deepseekv3_Transformer.py:631:
UserWarning: OThe operator aten::_reshape_alias appears to be a view operator,
but it has no implementation for the backend "sipu:0". View operators don't
support falling back to run on the CPU, since the tensor's storage cannot be
shared across devices. (Triggered internally at
/data/users/liuhao2/pytorch/aten/src/ATen/native/CPUFallback.cpp:304.)

N\

(AN RS

1 y = torch.view_as_real(x * fregs_cis).flatten(3)



h3igroup_scores = scores.amax(dim=-1,keepdim=True)

Hexpert groups>1891ENR T, scoresH34, HEMERXIAREEEZ24MMN, BaiRxtlast dim=K
amax, MiZe] ITEEZRMMIESHINZLEE

HAEDIR

1 mask = scores.new_ones(x.size(0), self.n_groups, dtype=bool).scatter_(
1, indices, False

tile_format{t it 24

MLA
linearZ Bl & rms norm#cat, flattenZFig{E, XELIL

IR

1 class MLP(nn.Module):

2 mmn

3 Multi-Layer Perceptron (MLP) used as a feed-forward layer.

4

5 Attributes:

6 wl (nn.Module): Linear layer for +input-to-hidden transformation.

7 w2 (nn.Module): Linear layer for hidden-to-output transformation.

8 w3 (nn.Module): Additional linear layer for feature transformation.
9 nmmnn

10

11 def __init__(self, dim: int, inter_dim: int, seed: Optional[int] = None):

12 mnmmn



13 Initializes the MLP layer.

14

15 Args:

16 dim (int): Input and output dimensionality.

17 inter_dim (int): Hidden layer dimensionality.

18 seed (Optional[int]): Seed for weight initialization to ensure
identical

19 weights across different devices. Default ds
None.

20 frien

21 super().__init__()

22 # Use predictable seeds for each layer to ensure identical
initialization

23 self.wl = ColumnParallelLinear(

24 dim, dinter_dim, seed=seed 7f seed 7s None else seed + 1

25 )

26 self.w2 = RowParallelLinear(

27 inter_dim, dim, seed=seed 7f seed 7s None else seed + 2

28 )

29 self.w3 = ColumnParallelLinear(

30 dim, inter_dim, seed=seed 7f seed 7s None else seed + 3

31 )

32

33 def forward(self, x: torch.Tensor, device: torch.device = "cpu") ->
torch.Tensor:

34 o

35 Forward pass for the MLP Tlayer.

36

37 Args:

38 x (torch.Tensor): Input tensor.

39

40 Returns:

41 torch.Tensor: Output tensor after MLP computation.

42 i

43

44 res = self.w2(

45 F.silu(self.wl(x, device=device).to(device))

46 * self.w3(x, device=device).to(device),

47 device=device,

48 )

49 return res

50

linearl (tile) ->silu(linear) -> linear2(tile)-> mul(linear)



A

linear3(tile)

tile -> linear 3 times
linear ->tile 1 times

AR silu F mulsziFtileformat, MLPAERR]I LI—E RiFtileformatit®, A=BH Ki%ik a3

MoE & MoERIHJEXpert

AGER

1 class MoE(nn.Module):

9 o

3 Mixture-of-Experts (MoE) module.

4

5 Attributes:

6 dim (int): Dimensionality of +input features.

7 n_routed_experts (int): Total number of experts in the model.

8 n_local_experts (int): Number of experts handled locally 1in

distributed systems.

9 n_activated_experts (int): Number of experts activated for each -input.
10 gate (nn.Module): Gating mechanism to route inputs to experts.
11 experts (nn.ModulelList): List of expert modules.

12 shared_experts (nn.Module): Shared experts applied to all dinputs.

13 frien

14

15 def __init__(self, args: ModelArgs):

16 o

17 Initializes the MoE module.

18

19 Args:

20 args (ModelArgs): Model arguments containing MoE parameters.

21 o

22 super().__init__()

23 self.dim = args.dim

24 assert (

25 args.n_routed_experts % world_size ==

26 ), f"Number of experts must be divisible by world size (world_size=
{world_size})"

27 self.n_routed_experts = args.n_routed_experts

28 self.n_local_experts = args.n_routed_experts // world_size

29 self.n_activated_experts = args.n_activated_experts

30 self.experts_start_idx = rank * self.n_local_experts



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
70
71
72
73
74
75

self.experts_end_idx = self.experts_start_idx + self.n_local_experts
self.gate = Gate(args)
self.experts = nn.ModulelList(

[
Expert(args.dim, args.moe_inter_dim)
7f self.experts_start_idx <= i < self.experts_end_idx
else None
for i in range(self.n_routed_experts)
]

)

self.shared_experts = MLP(args.dim, args.n_shared_experts *

args.moe_inter_dim)

def forward(self, x: torch.Tensor, device: torch.device = "cpu") ->
torch.Tensor:

Forward pass for the MoE module.

Args:

x (torch.Tensor): Input tensor.

Returns:
torch.Tensor: Output tensor after expert routing and computation.
n
shape = x.size()
x = x.view(-1, self.dim)
weights, indices = self.gate(x, device=device)
y = torch.zeros_like(x).to(device)
#breakpoint()
counts = torch.bincount(
indices.flatten(), minlength=self.n_routed_experts
).tolist()
for i in range(self.experts_start_idx, self.experts_end_idx):
7f counts[i] ==
continue
expert = self.experts[i].to(device)
idx, top = torch.where(indices.cpu() == 1)

print("indices.cpu().shape", indices.cpu().shape)

weights = weights.cpu()

y[idx] += expert(x[idx].to(device), device).to(device) * weights[
idx, top, None

].to(device)

z = self.shared_experts(x, device=device)
7f world_size > 1:



76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91

92
93
94
95
96

97
98
99

dist.all_reduce(y)
return (y + z).view(shape)

class Expert(nn.Module):

Expert layer for Mixture-of-Experts (MoE) models.

def __1init__(self, dim: int, inter_dim: int):
super().__init__()
self.wl = Linear(dim, inter_dim)

self.w2 = Linear(inter_dim, dim)
self.w3

Linear (dim, inter_dim)

def forward(self, x: torch.Tensor, device: torch.device = "cpu") ->
torch.Tensor:

Forward pass for the Expert layer.
return self.w2(
F.silu(self.wl(x, device=device)).to(device) *x self.w3(x,
device=device).to(device),

device=device,

ExpertFIMLPZAi E2—1#R), HEfeature dimA @, XEMIE R LEMLPH T —E
R AT LR IRMLPAHFRIE VAR H#H 1T, MOoERWESEMAE

n_shared_experts: int =2 #[RIAEE

n_activated_experts: int = 6 #/RAECE

MoERHYE—MayerBUEHERHEER (ExperttZiR) B61, HEEXR (MLPER) 24

linearl (tile) ->silu(linear) ->linear2(tile)-> mul(linear)

A

linear3(tile)

tile -> linear 3 times

linear ->tile 1 times

WNRsilu F mulzHrtileformat, MLPAZPRIA—E FRiFtileformatit®, AoBH LR 0],



F—ayerBIMoERRAT LURL (1+3) *8=24/kformathyiis

Infer fallback 43 #f

B& T init weight F1XM i+ B ROPE Bprecompute_freqs_cis fallbackZ|cpu3Ef,
HKixfallbackB9irE
1. [redispatchBoxed] op=[aten::triu.out], key=[CPU]

(GRS

1 mask = torch.full((seqlen, seqlen), float("-inf"),
device=tokens.device).triu_(1)

2. [redispatchBoxed] op=[aten::zero_], key=[CPU]

(AN RS

1 y = torch.zeros_like(x)

3. [redispatchBoxed] op=[aten::index.Tensor_out], key=[CPU]

(GRS

1 h = self.norm(h)[:, -1]

4. [redispatchBoxed] op=[aten::_index_put_impl_], key=[CPU] BF FRi¥ EEFX

(GRS

1  mask = (x < self.vocab_start_idx) | (x >= self.vocab_end_idx)
2 x = x - self.vocab_start_idx
3 x[mask] = 0

5. [redispatchBoxed] op=[aten::reciprocal.out], key=[CPU] Wiz —LErRE B otk 7 1L, KRR
BN ARTOETE EANint

6. Add type

(GRS



a A W N =

class ParallelEmbedding(nn.Module) : faitH&E R AF32
fEclass Block(nn.Module) : &
x = x + self.attn(self.attn_norm(x), start_pos, freqgs_cis, mask, device=device)

x = x + self.ffn(self.ffn_norm(x), device=device)
x A f32, self.attn, self.ffnXBFl6, EiZEHM nan

7. FFR infer code 82X group_scores = scores.amax(dim=-1, keepdim=True) fixed amax3z#¥
keepdim=false

ISR

1

2 scores =
3 if self.
4

5 else:

6

7 indices
8

BN

if self.n_groups > 1:

scores.view(x.size(0), self.n_groups, -1)
bias is None:

group_scores = scores.amax(dim=-1)

group_scores = scores.topk(2, dim=-1)[0].sum(dim=-1)

= group_scores.topk(self.topk_groups, dim=-1)[1]

mask = scores.new_ones(x.size(0), self.n_groups, dtype=bool).scatter_(1,

indices, False)

scores =
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scores.masked_fill_(mask.unsqueeze(-1), float("-inf")).flatten(l)

if self.n_groups > 1:

dtype=bool).

else indices

scores = scores.view(x.size(0), self.n_groups, -1)
if self.bias is None:

group_scores = scores.amax(dim=-1, keepdim=True)
else:

group_scores = scores.topk(2, dim=-1)[0].sum(dim=-1)
indices = group_scores.topk(self.topk_groups, dim=-1)[1]
mask = scores.new_ones(x.size(0), self.n_groups,
to(device)

indices_for_scatter = dindices.squeeze(-1) if dindices.dim() > 2

mask = mask.scatter_(1, indices_for_scatter.to(device), False)

scores = scores.masked_fill_(mask.unsqueeze(-1), float("-

inf")).flatten(1)



