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2. 5t xfold # 45 profiling

ef profile(name: Optional[str] = None):
> {#FFH torch.profiler #fTEIERE o

awraps(func)
| wrapper(*args, *xkwargs):
with torch.profiler.record_function(func.__name__ if name is None else

return func(*args, *xkwargs)

> {£ M Perfetto H17EIE 1L

return wrapper
else:
return func

return decorator
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I 2. X xfold -7 profiling
\ I |

thread... p) 2231668 (main thread ) AlphaFold3.forward
Evoformer.for.. Evoformer.for.. Evoformerfor. Evoformerfor. Evoformerfor. Evoformerfor. Evoformerfor.. Evoformerfor.  Evoformerfor. Evoformerfor.. _sample_diffusion

= Default Workspace

Umnamed SliceTrack

~ python 2

T

| Current Selection L

‘Area Selection Slices Pivot Table ~ Slice Flamegraph

‘ Duration ~ Add filter... Top Down Bottom Up
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3. £F profiling #TE4k

torch.to #FENGLES

!

LI a kBT torch.amp.autocast, EEFM#EHIEIHNE fp32.
FXRITEN TS EEERE A bf16, RETHEKER(E]

!

FIMEFLERE p32 24 bfle, BRIzFTHEE iR

ith torch.amp.autocast(device_type="cuda", dtype=torch. featurised_example = {
bfloat16): k: v.to(torch.bfloat16) if v.dtype = torch.float32 else¢
v for k, v in featurised_example.items()
}
._model.to(dtype=torch.bfloat16)

broadcast_factor = 1.0

broadcast_factor = torch.Tensor([1.0]).to(value.dtype)
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3. £F profiling #TE4k

Diffusion #843AY _conditioning B

£, FEEEENARIE RFER O LR IE =TT

!

RILL L FHTHARBITT RN FRIER
THEEBHTERITE

E R ER R ERETER, 2a

i
= P Al I

e
Xk




AL

__init_ (self):

S TOUrLIer_embeduliigs = rouriercibeduings uim=£20)

aprofile()
_conditioning(
self,
batch,
embeddings: dict[str, torch.Tensor
noise_level: torch.Tensor,
use_conditioning: bool,

) — tuplel[torch.Tensor, torch.Tensor]:

’

single_embeddi = use_conditioning * embeddings['s
pair_embedding = use_conditioning * embeddings[ 'pair’']

rel_features = featurization.create_relative_encoding(
batch.token_features, max_relative_id A
max_relative_chain=2

).to(dtype=pair_embedding.dtype)

features_2d = torch.concatenate([pair_embedding, rel_features],

dim=-1)
pair_cond = : .pair_cond_initial_projection(

f.pair_cond_ ial_norm(features_2d)

pair_cond +=
pair_cond +=

.pair_transition_@(pair_cond)
f.pair_transition_1(pair_cond)

target_feat embeddings[ 't et_feat']
features_1d torch.concatenate(
single_embedding, target_feat], dim=-1)

single_cond = f.single_cond_initial_projection(
f.single_cond_initial_norm(features_1d

noise embedding f_fourier embeddings(

A

YFELIAE
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_init_ (

L TOUrLer_elDeduLiEs = FOUrLerciivedulnEs uLii=£30)

.first_run
.single_con
.pair_cond

@profile()

_conditioning(

self,

batch,

embeddings: dict[str, torch.Tensor],
noise_level: torch.Tensor,
use_conditioning:

'
) = tuple[torch.Tensor, torch.Tensor]:

.first_run:

f.first_run
single_embedding = use_conditioning * embeddings['si
pair_embedding = use_conditioning * embeddings['pa

rel_features = featurization.create_relative_encoding(
batch.token_features, max_ tive_idx=32,
max_relative_chain=2

).to(dtype=pair_embedding.dtype)

features_2d = torch.concatenate([pair_embedding,

rel_features], dim=-1)

pair_cond = .pair_cond_initial_projection(

.pair_cond_initial_norm(features_2d)

pair_cond +=
pair_cond

.pair_transition_@(pair_cond)
.pair_transition_1(pair_cond)

target_feat = embeddings['t
features_1d = torch.concatenate(
[single_embedding, target_feat], dim=-1)
single_cond = .single_cond_initial_projecti
.single_cond_initial_norm(features_1id))

.single_cond = single_cond
.pair_cond = pair_cond

single_cond = .single_cond.clone()
pair_cond = .pair_cond
noise embedding = .fourier embeddings(
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3. £F profiling #5E4k

FERT R AR

SHT

fEH C++ &

GridSelfAttention,

TriangleAttention,

FHER

SelfAttention

A=A
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| 4. 58 LIBXSMM £
=
> GEMM MeEm, HF&EHIN AMXIESE
> WEBET IIT K3
o TMRBUFTERIFH/RFET, GCC HIFH KM EEF ICPX By —AE1R!

« R, BFAETT, NEKEMAESXIFTESRAESE
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4. 5H LIBXSMM EEH F

{£ ¥ Intel(R) Tensor Processing Primitives extension for PyTorch* Jf & af3_kernels

> 5 PyTorch S ERtE, £ 7 pybindll, EFEIAE

> RBEEHE, HEMHS5NE%E—

> BRIEFTEEAERTREA, "ARE M

> BRI EIRITES, BT MHeEIEM, 95 torch.profiler &

> BN Alphafold2 B GridSelfAttention I EE#£5 5X M PyTorch L3,
ET1EFE
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Gated Linear Unit B F7~15

glu_gemm, {input, weight, out});
gemm = SCOPEIT((tpp::BrgemmTPP<T, T>(M_BLK, N_BLK, K, @, @, K, 2 x N, N_BLK, @0.ef, @, 1, vnni_repacked, @, @)), BRGEMM);
to-silu = SCOPEIT(tpp:: SiLUFwdTPP<T>(M_BLK, N_BLK), SILU);
ito mul = SCOPEIT(tpp::MulTPP<T>(M_BLK, N_BLK, N_BLK, N), EW_MUL);
to gemm_left = SCOPI (tpp::BrgemmTPP<T, T>(leftover, N_BLK, K, @, 0, K, 2 % N, N_BLK, @.0f, @, 1, vnni_repacked, 0, 0)), MARGIN);
silu_left = SCOPEIT(tpp::SiLUFwdTPP<T>(leftover, N_BLK), MARGIN);
‘ mul_left = SCOPEIT(tpp::MulTPP<T>(leftover, N_BLK, N_BLK, N), MARGIN);
fipragma omp parallel for collapse(2
for(int - i-=-0; 1 - < Mb; i+
for(int-j = @; j < Nb; j+) {
| IBXSMM_ALIGNED(T tmp[M_BLK][N_BLK], 64);
LIBXSMM_ALIGNED(T tmp2[M_BLK][N_BLK], 64);
if(i # Mb) {
gemm.config( );
gemm(&input_a[i][@][e], &weight_al[e][jl[e], &tmp[el[e], 1,
silu(&tmp[e][e], &tmp[e][e], &tmp2[0][e]);
gemm(&input_a[i][e][e], &weight_a[e][j + Nb][e], &tmp2[e][e], 1,
mul(&tmp[e][e], &tmp2[e][e], &out_alillel[jlle]);
gemm.release( );
} else if(leftover) {
gemm_Lleft.config( );
gemm_left(&input_a[Mb][@e][0], &weight_al[@
silu_left(&tmp[@][@], &tmp[@][e], &tmp2[0
gemm_left(&input_a[Mb][@][@], &weight_a[®
mul_left(&tmp[e][0], &tmp2[@][0], &out_al
gemm_left.release();

1[31[e], stmp[o]l[e], 1,
1[e]);

103 + nblle], &tmp2[e]fe], 1,
Mbllel[jllel);
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HFHRERIL |
2 Hvnni 1.8T 1.4T 1.87 1.4T
> 3H3E Tensor ZMERKUN, FFXIFTE] 64 Byte A vnni 1.8T 1.4T 1.8T 1.4T
> TSI E#HTT VNNI Repack B vnni 21T NaN NaN NaN

> FIFSFESRA)N (BEIABEBN L2 Cache H4E) v 2.2T 0.15T 2.2T 0.16T
> 1% & Flush to zero frx, WHRIEFRFERIUKIEIEIBMERE
> FHELZRFNTH]R, HEADENERZRERE

_ GridSelfAttention TriangleMultiplication | Gated Linear Unit

Sequence length 1536 1536 1536
Block size 128 128 128
Original speed 2699.24ms 529.58ms 126.71ms
Optimized Speed 186.10ms 99.67ms 28.09ms
Speedup 14.50x 5.31x 4.51x
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> X F oneCCL {EH@BITEiH

> Diffusion ZpEHEF1T, 1
> GridSelfAttention 82 Y]4 seq_len, FITESE

Timeline

o D

2 ranks

3ranks

4 ranks

5ranks

Distributed Diffusion
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rank 0

rank 1

pto

ptl

BT A EEEE

pt0. ptl pt2 pt3

_)—)
pt0  ptl pt2

pt2

pt3

All Gather

All Gather

pt0 ptl pt2 pt3

Distributed GrldSeIfAttentlon UJ—
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L3784

26.99x

63429 o35

37aa_2)O9

End to End Speedup

35.11x

48253

137.45

583aa_1CF3

38.63x

10262.35

265.68
1024aa_5L6H
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56.38x
28939.36

513.28
1491aa_5KIS
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> =X {FH Intel Extension for PyTorch, {BEE FMaE5HE B ERF
> ZfEA torch.compile, E—EXLZEZZTEEZFHREFER, SHBETNMMAERF

> 2R T ZFE A I 1T TriangleMultiplication B77 %, {B7E B ATEUIEMIE TR E A a0 E4]




%
10«”..,,«.\““~ SHANGHAI JIAO TONG UNIVERSITY

Xﬂops fiﬁr FA

eeeeeeeeeeeeeeeeeeeeeeeeeee

Thanks!

I E R
https://github.com/HPC-SJTU/xfold
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