5= Transformerfiill£xia
==
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AT ABEZHESRE ?

’/r'

| ”,,

/ﬂ”/ | ;ﬂ,//

— I i uiﬂl'“ " ,U
mwljilﬂf 'ﬁﬂ’f ] el A Ei
“?"M-HW Ll == tiﬁ‘i Rl | “"ul Il 1’51.5 “ W” ~

N o <o ) 1] "*”“

"“f—if’*'—f_}!lal.lr T T

i -

"BAES  ARIESSH. B, 9FEIEK. "EYIRF EE.E’E/EE,‘- TR
FRTikERR" ;:l? , Bigi& (—I:Im ) . 134 (I}J
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MRNN %l Transformer

FROM RNNS TO TRANSFORMERS

l

2014

Bahdanau Attention

2010
LSTMs, GRUs
2000
Recurrent Neural
1990 Networks (RNN)

Prehistoric Era

RNN (2000) : ZNMNEFS , SZ=RIHAS.
LSTM/GRU (2010) : 1071212 , {B)llZiE,

Attention (2014-2015) : ¢ "BREFER" , BREW.
Transformer (2017-F%) : £miFATransformer B,

EPMARIERIRSER |, 2025

2015
Luong Attention
"Dot-Product
Attention”

> 2017
The Era of
Transformers




AT 4ZRNN/CNN FA4H13 ?

RNN LSTM GRU
RNN / LSTM / GRU
« TG A"hl’ Egﬁuﬁjﬁ}f’r SHENEZI) W)
. St . {e‘%ul B =S |
)*)‘wn Pad CNN
— J - EEEEMEI (WEGR) |, (BEARK
)J ERIKIEREXER
EERZ B aeiiEI<iENHH
!lﬂsaElﬁr' IR
ﬁ e, - RNN&Z "iEHME”
« CNN REEERES
§ « TransformerF|EBBEEncoder §&—ix
aillzhK

1000
Softmax

4096 4096

EPKIRBIGEE LR , 2025



Attention Is All You Need

Output
Probabilities

)

\,

(" N
Add & Norm
Feed
Forward
s N Add & Norm
_ .
e Multi-Head
Feed Attention
Forward I ) N>
—
Add & Norm
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
At At
~—] J . —
Positional Positio
Encod 2 ¢ |
ncoding Encodi
Input Output
Embedding Embedding
Inputs Qutputs

Attention B9z yEB48

Bi¥=7 ( Self-Attention)
MU EE Ry P EMMERE
R "RiNERIER"
Transformer BY45t4

Encoder : {BHINAFYIZAER
Decoder : — S04 RIH RS ( #hFE/Fu )

Multi-Head Attention : ZHEEENETIAREZS
%

H17i+E (E RNN HRE%)
HIEKIEH (iR ERAR )

EPARIRBES LR , 2025




Self-Attention /1l

Self-Attention %y S

Input
Embedding (T T [T T LB8MEA (x) = TA=1EE : Query (Q). Key (K).
| Value (V)
Queries e e 25HEEXN - Q- K, T “XANFFBIFESEX"
Keys [T 1] [T T] 3-')3_{‘3 . B/%L\)\égg I Eﬁ& Softmax — ?‘%::ZEI.M;RE
4.0080GKH - NE x V , BRFERS z

Values L1 L1 588 . BMMUBFETR e TeRFAER

Score i ki= qi e =

Divide by 8 ( d;. )

Softmax ReA[LUE Attention 8 H=. 1A ( BRI
B ) #imaBclR Q , ANEMARBS K, 1R1E

softmax SBE CEREEREEEN  BIEAFRBPEFTR V ICE—1 5
NZFER. X, 8MIEFAEREBC , resE2/

Sum Djj Djj
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Self-Attention /1l

Input

Embedding o O

Queries g [ ] ] a1 ] we
ey [T [T

Values [T 1] [(T11

EPARIRBES LR , 2025

softmax( )

Vi

BMAEfSARIEME (REEFAERDE 7
(Q-K) , EHD G softmax £k
NE , BRAXUENERIMBEGIARNGEE

V , 58— HINER Z,

X2 Attention BIAFE : {RIEtHCE
HTEESER, 1HERE—IHEEE |, Hk
HEEENERD EERKE.



Multi-Head Attention

ATTENTION HEAD #0 ATTENTION HEAD #1

Qo Q4

ATTENTION
HEAD #0

Multi-Head Attention B{EH

B/ Attention Head : REEN— 1 EBEERYIZXR
Z Head : B TZEIRE | BTN AEBEZRRE
il . &1 head BRIBCHIERR Zo. Zy... , BHHEEX
— BLHEANFE

EPMARIERIRSER |, 2025

ATTENTION
HEAD #1

r

Calculating attention separately in
eight different attention heads

ATTENTION
HEAD #7




Multi-Head Attention

1) Concatenate all the attention heads 2) Multiply with a weight 1) This is our 2) We embed 3) Split into 8 heads. 4) Calculate attention  5) Concatenate the resulting 7 matrices,

matrix that was trained input sentence* each word* We multiply X or using the resulting then multiply with weight matrix \/° to
jointly with the model with weight matrices ~ Q/K/V matrices produce the output of the layer
X WoQ
1 =
W@
Qq

i ) . * In all encoders other than #0,
3) The result would be the ” matrix that captures information we don't need embedding. etk
from all the attention heads. We can send this forward to the FFNN We start directly with the output “+H %H» EEB
of the encoder right below this one !
_ HH if
Q7

Multi-Head Attention i§113% %

1.23kitE . 81 head BRIB TS Zo, Z4, ..., Z5

2.5HE - XL Z HE—iE |, BRIEFERNHIE

3. eﬁé IFE_ TR . BI— B W |, IBHHEENERERKRS
Bmig 7 MATERERSE , (CARSE

EPMARIERIRSER |, 2025



Encoder-Decoder {E22

wEBEE I have a cat <end>
A +
Decoding time step:(1)2 3 4 5 6 OUTPUT [( et )\ C( Decl()der )\
% "
( Encoder ) >( Decoder )
, L N L) L)
( Linear + Softmax ) ( Encoder ) >( Decoder )
A A
T ( Encoder ) >C Decoder )
[ ENCODER ) [ DECODER J A A
3 ) ( Encoder ) >( Decoder )
[ ENCODER ) [ DECODER J A A
. J, \( Encoder )/ (( Decoder ) )
EMBEDDING T
WITH TIME [TTT] [T LTTT]
SIGNAL % B —R 3
EMBEDDINGS CITT] LIIT1] LILIT]
INPUT Je suis  étudiant

Encoder-Decoder {EZ2

Encoder : {EBINFY ((AE/EHR ) E4aRIERDT
Decoder : ZFEERENEFS ( SRIE/FUUARE )

EPMARIERIRSER |, 2025



Attention Is All You Need

Cutput
Probabilities

[

-
Add & Norm

BERT | =S GPT

1
> Add & Norm | Multi-Head
Fgr?/\?:rd Attention N
X
I e i L e
Add & Norm
Nx | —(CAdd & Norm ) —T—
BT | (| T— AT
_t 4 At 4
) S—— —

iSRRI — (1N ~  RIESEATCRIE

LEFST | SREIHERIETR cooong OO &) Ereoing T—ANAT

iﬂ“izgmﬁﬁﬂgiﬂﬁ Emgggéing En?buetgg}ng
1 r

Inputs Outputs

Nat Biotechnol, 2024, 42, 200-202



TransformersENBH1

{ERTHI
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Transformers EERSELA B

- 3kH Hugging Face

- AJLAE#EIERAI=AIATHIG

*Eét%\lﬁwﬂﬁﬁﬂﬁiﬁ(h&%ﬂﬁ%%' EEISENSE) , BRIIBLHEEXIRE
R9iA
- BI—17UEE , HERIBE THAIARRBLEE Hl )XE , ARTERNBATIZ
IFRIRE (S FERS L MIAER)
- (NFBLENB(EREXRIED) . SSRAREIAYIL F5)IZ% + H573)

- ERER , BRI ATISIFRMREFE RE
- BEPRELEF, LIGIEIE
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{EHugging Face F B A B0l 1EEY

e evo-1-8k-base ™ @like Follow @ Together
[»  Text Generation % Transformers & Safetensors stripedhyena long context  deep signal processing  hybrid biology  genomics
+ | . . ,— ~ A / B
ot T8 L s EEYMOIE | XFITRABR AR5
o g , XMITINSRLEENZ
Bl 1SR A T ILE
Model card Files =¢xet Community 1 & Train v J Use this model I]TL_J

How to use from the e Transformers © library

from transformers import pipeline

pipe = pipeline("text-generation", model="togethercomputer/evo-1-8

s 2] R A28 )

Downloads last month = Transformers

~/.cache/huggingface/hub/ IX— 1 EAIA
iEEEs

| PESNEEOEHE , AR EE
BELL NECRRSREEM | (1
e i) | GyEEE ST | GREE

H
[y
o
[
[o4]

from transformers import AutoModelFoxrCausallM

rcomputer/evo-1-8k-base", trust_remote_code=Tzue)

'D Copy

(base) [zyd fyp-X10DAi ] WORK @
# 1s ~/.cache/huggingface/hub/
datasets--HuggingFace-CN-community--Diffusion-book-cn models--Rostlab--prot bert bfd models--togethercomputer--evo-1-8k-base

datasets--HuggingFace-CN-community--Diffusion-book-cn.tar models--Rostlab--prot t5 x1 half uniref50-enc version.txt

evo-1-8k-base

models--togethercomputer--evo-1-131k-base

EPARIRBES LR , 2025



transformersB

P main~  evo-1-8k-base

(

@ Zymrael Update README.md  a9be7b6  VERIF

.gitattributes
README.ma
config.json

generation_config.json

model-00001-0f-00003.safetensors 7 xet
model-00002-0f-00003.safetensors 7 xet
model-00003-0f-00003.safetensors 7 xet
model.safetensors.index.json 7

pytorch_model.pt xet

special_tokens_map.json =

tokenizer_config.json

base)
# tree

10

[4.0K]

E [1.1G]

[ 34K]
[1.8K]

[4.0K]

L— [4.0K]
I

[4.0K]

L— [ 40]

[4.0K]
L— [4.0K]
[

[zyd fyp-X18DAi /home
./models--toget
. /models--togethercomputer--evo-1-8k-base/
blobs
4208792226975

jgingface/hub] WORK 6
0-1-8k-base/

cd1729902bc993ad7396b76T5cathd7cc2b32ab882 . incomplete

b08da
f5c2e

.no_exist

a9be7b66485080893399ade87c7d34f51ad3e249

0]

refs
main
snapshots

model.safetensors

a9be/b66485080893399ade87c7d34T81lad3e249

34]
45]
551
55]
551
51]
39]
32]
46]
44]

config.json -> ../../../evo-1-8k-base/config.json

generation config.json -> ../../../evo-1-8k-base/generation_confi
model -06601-0f-086003.safetensors -> ../../../evo-1-8k-base/model-¢
model -00002-0T-00003.safetensors -> ../../../evo-1-8k-b afetensors
model-0606003-0f-00003.safetensors -= ../../../evo-1-8k-base afetensors
model.safetensors.index.json -> ../../../evo-1-8k-base/model.safetensors.index.json
pytorch_model.pt -= ../../../evo-1-8k-base/pytorch_model.pt

README.md -= ../../../evo-1-8k-base/README.md

special_tokens_map.json -> ../../../evo-1-8k-base/special_tokens_map.json

tokenizer config.json -> ../../../evo-1-8k-base/tokenizer config.json

safetensors

NERAFRREZ LM |, BFAMSE N TEA N REERE
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transformerspIfl= _ERa)RE R ERFER TG 3

{5 hf-mirror.com (% , git clone EIFil , ZARBEI A HBENIIRESAN

git 1fs install

HF Mirror Q_ Search models, datasets, users...

-~ togethercomputer/evo-1-8k-base D

Text Generation & Transformers £ Safetensors

hybrid  biology  genomics custom_code (3 arxiv:7

& Train v CJ Use this model v

Clone repository

files | < xet & Community

¢¢ Request DOI

git clone httpﬂ:fth—mirrﬂP.cnmftagethePCDmputerfeuﬂ—l—Ek—bazd

B8N % git clone %l /datal2T/evo-1-8k-baseHFE

from  transformers impor

model = AutoMode

ModelForCausallM
- rom_pretrainedﬂ"fdatalETvaD-l—Eh-base", trust_remote_ccde=‘ﬁyel

./evo-1-8k-base/

[1.8K]
[ 69]
[1.5K]
[4.6G]
[4.6G]
[2.86G]
[ 34K]
[ 166]
[5.1K]
[ 3]
[ 299]

config.json
generation config.json
.gitattributes

.safetensors
). .safetensors
model.safetensors.index. json
pytorch_model.pt
README . md
special tokens map.json
tokenizer config.json
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SE R

ACC
Q26165
Q8bu42
QOGA42
P82349
Q7LEN1
Q96594
Q9CQ25
Q96PT0
P630866
QouUID3
Q95E42
Q01167
P21708
QaCH72
P51788
QBBKCH
QIMNAWS
P86790
P23610
Q9Y2Z0
Q3UCQ1
Q7LsD6
075439
QBRFH5
Q9Y2U8B

Kingdom Mitochondrion
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Viridiplant:
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa
Metazoa

Sequen cel _|

0 MAAAAAAAAAAGAAGGRGSGPGRRRHLVPGAGI
0 MAAAAAAAAAAGAAGGRGSGPGRRRHLVPGAGI
0 MAAAAAAAAALGVRLRDCCSRGAVLLLFFSLSPRP
0 MAAAAAAAAATEQQGSNGPVEKSMREKAVERRN
0 MAAAAAAAAATNGTGGSSGMEVDAAVVESVMA
0 MAAAAAAAGAAGSAAPAAAAGAPGSGGAPSGS!
0 MAAAAAAAGGAALAVSTGLETATLOKLALRRKKV
0 MAAAAAAGAASGLPGPVAQGLKEALVDTLTGILSP
0 MAAAAAAGPEMVREGOVFDVGPRYTNLSYIGEGAY
0 MAAAAAAGPSPGSGPGDSPEGPEGEAPERRRKAH
0 MAAAAAAKIAPSMLSSDFANLAAEADRMVELGAL
0 MAAAAAALSGAGTPPAGGGAGGGGAGGGGSPRC
0 MAAAAAAPGGGGGEPRGTAGVVPWVVRGEVEVVKC
0 MAAAAAASHLNLDALREVLECPICMESFTEEQLRPI
0 MAAAAAEEGMEPRALQYEQTLMYGRYTQDLGAF
0 MAAAAAEQQQFYLLLGNLLSPDNVWVRKQAEETYEI
0 MAAAAAETPEVLRECGCKGIRTCLICERQRGSDPRY
0 MAAAAAGAGSGPWAAQEKQFPPALLSFFIYNPREC
0 MAAAAAGLGGGGAGPGPEAGDFLARYRLVSNKLK
0 MAAAAAGTATSQRFFQSFSDALIDEDPQAALEELT
0 MAAAAALSGAGAPPAGGGAGGGGSPPGGWAWA
0 MAAAAAMAEQESARNGGRNRGGVORVEGKLRA.
1 MAAAAARVVLSSAARRRLWGFSESLLIRGAAGRSL
0 MAAAAARWNHVWVGTETGILKGVMNLORKQAANI
0 MAAAAASAPQOLSDEELFSQLRRYGLSPGPVTEST

EMARIRBIRS R , 2025

ACC
MGFENSS RS EANE— D,
RAVFEZAEHMITN , REMRXSRE.,

Mitochondrion
XEHAIETONRIFE (label )
1= BAEAE "SR B

0 = FE

LR E— MR = $ 245,

Sequence
EENEERFS , BATF—RBFEARN “BF .
HAVER ESM XM SIEERIEET,




MExSisin

1]1.dropna()

].v&lLE_cELFtELJH
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7lba o't

From sklearn.model_selection 1mport traln_test_split
, test = train_test_split( df,

val = train_test_split( train, : =train|

X &

I AER D ?

A= %IJ:’I‘E Bl "t —ERoEEE (g )
" — %QTE (IUFEE)

==di=1 "EIE%IT" BIERD ( IJJITE )

=417

& - K29 70%

IGUEEE : K29 10%

MRS : K29 20%

= 3=

F stratify {RUFIEMEA / SatFEARLCHI—EL

SN HIIGEIFLE 1 BER | IREZAE],
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BRFFIH, “EELEEEIE" (Tokenizer)

AEISR (Tokenizer)

HUE R RS (R PRGN
114 i—ﬁj »

AR R R B — — NI ID

g5 R
input_ids: J7 A gmbd 5 12+
attention_mask: TELE(y & 2 B2 H AR, R
AutoTokenizer.from_pretrained (MODEL_ID, False] % IELL: i’E‘ 3:6

Bl b W e

HuggingFace 7& & A 7] g8~ #:18

Al DA B AR
HF_ENDPOINT=https://hf-mirror.com
ECESERTEA A R A, TREIACHL N Ek

MODEL_ID = "f

EPMARIERIRSER |, 2025



from torch.vtils.data import Dataset

AT AFE Dataset ?
HARNRIn SRS REET ( DataFrame )
B PyTorch IR0 E— ge __getitem__ AY3S
.y = df["Mit ion"].tolist() T& |ndeX HR*QTE

SeqgDataset

selfx — EAEES
selfy = 2&ELZRA (0/1)

collate

HRE—MFIFIE
11T tokenizer 3&p input_ids /
attention_mask

0Lt labels —{fohE45FEAY

EMARIRBIRS R , 2025



freeze=True):

m_pretrained(model_id)

rameters():

attention_mask,

labels=None):

=attention_mask)

EPMARIERIRSER |, 2025

B . ESM 5 —RE ; Fdll
REMEE— N EMD3EEL,

BHARE | HOIIGR | B
HE |, ErE.

B - B logit (0/1) , il

B CrossEntropyLoss

Zx




=zl ( Trainer )

trainer.train()

. R e TR AT pip Z=IERTAIE%E : pip install -i
Trainer BEIFEEA M0/ EAGRIA. TFESHRE. https://pypi.tuna.tsinghua.edu.cn/simple
XBES4%Y . batch_size / Ir / epochs / transformers
evaluation_strategy. HF 218 : {82 HF_ENDPOINT=https://hf-

. " . _ AN v T mirror.com ; EiRRIERENEIARHRE
IRERRIN © S5l 2-3 4 epoch , BIUEEERZRADT], from_pretrained("AHEERZ".
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Accuracy : B{RXIARIT ;
F1 : X/ DESANER ;
AUC : Hi==HEFFEEN] ;

REHEEE | SRAIRATE , AR F1
1 AUC =,




8NANTELES (18aEK )

import torch

sub = test.sam p le( -
tokd = tok(sub[
model.eval()
with torch.no_grad():
out = model(**{k: v for k, v in tokd.items()},

prob = out["logits"].softmax(-1)[:, 1].cpu().numpy()

BEHNIh 5 5% | B BESOiRE vs TR ;

HWEE : 0.87 lERER "Eir” |, 0.12 B R "fE"

Nat Biotechnol, 2024, 42, 200-202
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FEE/ & iRIMFES

« {EAL :

- 1. BB :

AT ABNEER R HREATRIESS , AEER

RNN/CNN , % Transformer ?

* 2. 178 :

r&

351

L oR MR SR

R 71

- SEFZH -

iR s Ra T, MIREFEFEAREX , (KU

B ELRMAIE.

« 1. Attention Is All You Need , Vaswani & , 2017 , NeurIPS.

« 2. Evolutionary-scale prediction of atomic-level protein

structure from primary sequence using a large language

model ,

Lin & , 2023, Science
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