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%1% BERT RIESWINZES

BRI R F Y, WO FH R . BB SR EMF LR T iXA—
MR A4 BERT XA MEHAR”, N A ADRIZ4G T %% >] BERT
M. E¥EMER, BERT ZHrUUMETEME KN4 K2R B B2 H ik
% BERT, Mi&ic 7 BERT A Jii /& Transformer # [¥) Encoder ¥4y . [HHT,
N T BERT 3CHXT TIX I N A RE—Ewid, MARZEANNRAR %
&, Ul 5B A BERT SURBRIES 1. Frik, AESRE BERT B AT
WA — E E5 4 Transformer 7Y, RAR—PJHR & E1%

AT AR B DX IR 4 N A MR BRI SE B BT T NN, S
B EES % & This Post Is All You Need (_E4) —EBERIFF Transformer BJI
. AMTIEGEE “Transformer” R 3REUEGHT IR A 4> 3L =iis PDF JHE P 25

This Post Is All You Need (_E3)
—EBEX#|JF Transformer

TEARR CE A, EHK 2 LLRT T 4310 Transformer Jy3Eft K /- 4H% 4~ BERT
PRSI S . 28R, v T AEAR R S RE N TR INIa b () B AR BERT #E%4Y, HAE[H
FER 2 DU B 5 S R AR 45 & 10 5 SoRIEAT /48, B4E BERT BEAUFSLEL., 5 LR
WA 55 BT LA B2 N ZESZB NSP Al MLM TRYIZRAT S5 . i, ibFRAT1E seik
AN —H 5 JFE A1

1.1 515

218 %F Transformer 152 >, FA 1R B2 %F Transformer 4 1 ELEE WA R
AL Transformer #58Y, HSZEE R R ZWIHBEA R IIRm, HE'E
(1) )5 4k BERT[110) H A8 15 R 5K X 1Rl SR AT 411t 5T Transformer . (A1,
TR TR A, HEAEK FEZI BERT IZEAJEEE, BERT fHAIHSZHl. BERT
Wl A RIAE T AR5 1iE H . Mask LM AT NSP (#1523 552 FH X JUAN /7 T 5k
PEGHA 48 Bert. S ISR UEAL & Se /48 BERT KAl 524 JE 3, P28 anfal 26 T i
R4 iz I 2R BERT LAY, )5 M4Aai{aF FH Mask LM FT NSP 1X % ME:
%55k9I12% BERT #i%Y,

T Bert FrHUS I Sosix Bk AN FAIUE, A SCEL IR A SR Ut A2«
BERT AMYAEMES FRTI ., FEHMNALR FRECHIAEFRA, PR T B
7 11 3 NLP g%,

BERT is conceptually simple and empirically powerful. It obtains new state-of-the-art

re- sults on eleven natural language processing tasks.
1
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B 2 Fr At BERT e LARM &, FARRTINL AL Ay BERT A F2 4R
#i& Transformer 1 Encoder HEZ MK AT LAUCE fii 8, M1EZE U BERT WAL EoK
BARE K, 208 BERT fEUIZRIE FEH BrZk 1) Mask LM AT NSP X py M55
FiT PAE e 98 K

H T BERT /2% T £ )= Transformer HEZ 1ok, K AE# 18 30+ ¢ T BERT
WK 28 AL IR0 15 2 AR TR A $ S o [AIINE, FH TR SCHE 1 — SR AR B R 2 () 1Y
g ek, ATAFAEAN G UEAD 0 FEA B AR U P AR ME 5715 BN X 28 S5 44 I 4015 2 Ak
BERT s model architec- ture is a multi-layer bidirectional Transformer en- coder based

on the original implementation de- scribed in Vaswani et al. (2017) and released in the
tensor2tensor library.

1-1. JRYA BERT L& LEH[E]

W 1-1 Rt e SO TR 1) BERT M. B 5810 5 BRI
EEE AT A B HIX A —ADE5 ], MEERE Y 1 “bidirectional” 2 —IRE
%y WFFE—ZER Trm REERRARMA A7 ZIHRUUT timestep (T, &2
BAS Trm AAGEANFRRE? XEREAFE, JRIRSCHEANH. ALt
B SEIX o WIIRRS SEHLE VRt 2 A, FLSEHER) BERT MIZ8E5 F KAk L% 2

i 1-2 B AR o
(1] (m2) - ()

[ Transformer
2 t = A~ 2
[ Transformer

A A A

‘[El] s E_]

& 1-2. &4 BERT WM& LE14E
2
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HARME 1-2 K%, BERT ¥ 2% 45 M R SEAN R B 4%, (B A& AP ) Transformer
IR T R 46 Transformer[2]H (SRR IHA B AN ZE ], AN X FE AR I
FATAEEAR | KINR BERT.

PRk, BEMA @R CERS L REN BERT MR 5i2HA 1L
BN SRR, T, AR IE S E R R 16 el

1.2 FHHl

1.2.1 m|liEmc]#:

BRI AAEZ R B, TRYIZRIE S BR (Language model pre-training)
X NR 2 NG & MBS HA 4 B3 N HGE . (HRAEFH M E], IA
W ZRA Y e o 5% 25 1) PR A 1 AR A B 2R TA BE 0, e o e 2 B A PR 1) gl 2 VAR
FH U160 G i £8) 7 2R i N AT G
Language model pre-training has been shown to be effective for improving many
natural language processing tasks. We argue that current techniques restrict the power

of the pre-trained representations, especially for the fine-tuning approaches. The major
limitation is that standard language models are unidirectional.

B WI{E OpenAl GPT A4, "B F T M/ 24 (left-to-right) 1) 9254 2244,
X AT A AL AE e I A2 TR R B8 21 2 AT Z 2 BT 8915 S, 1A B8 [F] B i 42
BRI 22 5 1R B

For example, in OpenAl GPT, the authors use a left-to- right architecture, where every
token can only at- tend to previous tokens in the self-attention layers of the Transformer.

Left-to-right

[The animal didn’t cross the street, because it was too tired.J

Right-to-left

[The animal didn’t cross the s:.eet, Hecause it was too tired. ]

Left-to-right and Right-to-left

[The animal didn’t cross the street, because it was too tired.]

1-3. ARIFEREREE
WK 1-3 flis, WFFIX A REASR UL, JCI AR A 172 left-to-right FI 465 75
2K H right-to-left FI4miis 770, BRIZEXT “it” BEAT Ynh i I #AS R AR 4
M HE B B AT RIS B o XA T IRATAAE Rl 521X )G —FF, A
FH| “tired” XN Z BTERA TR R TSR RIWT “it” BARFTR M E. Blhn:
FRRATIE “tired” KAWL “wide” , W “it” FRACHIBLA L T “street” . BT

3
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L, A SRR A AR5 XA 5 R 5 3, R4 BRI EORE S RE NS AR A (138 G X

ANE R, i 1-4 B .

The_ The_
animal_ animal_
didn_ didn_
L L.
Cross_ Cross_
the_ the_
street_ street_
because_ because_
it_ it_
was_ was_
too_ too_
tire tire

d d

1-4. SEBHNHHIRTHLE (3]
R 1-4 , BOLFERR “it” MizRER ISP AL B F, B
W RE R BRSO . IR E B T BRI, SRR “it” BEAT AL, K
K PFERSEFET “Theanimal” b, WX HFFARATIIAM L

122 fRERK

RS, fEE R T K BERT (Bidirectional Encoder Representations from
Transformers) 31X — [P £ &5 F4 SR SR RS (1) XU m) S5 2% ST BE 7o A, SR 1 {4545
IR 212 S B R mtB e 1, BERT TEYIZRidt FE AR A 1 28 T4 56 1078
SRR (Masked Language Model, MLM) , EIBENLH N 5 71 o () 5 e 437 B 3347
WAL, AR5 AR AR AT TG
In this paper, we improve the fine-tuning based approaches by proposing BERT:
Bidirectional Encoder Representations from Transformers. BERT alleviates the

previously mentioned unidi- rectionality constraint by using a “masked lan- guage
model” (MLM) pre-training objective.

EZ G ERE], BT MLM TONAT 55 B 6% (151 2 4 A0 15 21 (1) &5 SR R i &
FRCHRESGE R, FUEA R T INSGE R EIRR BERT MZSHA ., Fribz 4k, 18
WZEBERT B 2R AEF AL I T T A) Tl ££: 55 ( Next Sentence Prediction, NSP),
B[R] 4 N P )G B o, SRS T EE 2 A)IE AN 5 1 AJEI R — A iE.

1.3 FEARSEI

X THARLIIX AN, FEHRGS 0 ="K R TN H 5
gy EEA 4 BERT B 544 JEEE DL &2 MLM A NSP 1% 79 Fif AT 28 1 B A Ji 38
55 R EA A SEEL BERT LS. BERT TYIZRBIALTE R ii#AE 25 A
F s 55 =8B MR A8 an a0 F) FH MLM AT NSP 35X 5T 5551125 BERT A (af

4
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DL MELTFLG, Wal U2 3E T IR M BERT Bl i BT 48) » R, Mt
X S — A ) N AT A48

1.3.1 BERT W48 L5443

B4 1-2 Pz, BERT W28 St a4k F a2 22 J2 1) Transformer Encoder
HeZFTE G, T Transformer *B/\E’J leiﬁﬁli—f PLZ L& (This postis all you
need——/Z/ZF|JT Transformer) [4], X HE A FHIRE.

BERT s model architec- ture is a multl—layer bidirectional Transformer en- coder based
on the original implementation de- scribed in Vaswani et al. (2017) [2].

28R, W AR B 1-2 7 (R a5 R AL — R REAS 20 ] 1-5 P (K 2% S5 1 1

[ Downstream Tasks ]

e
BertLayer

.

BertOutput
> Feed Forward &

Drouput & Layer Normal

f

Bertintermediate

)

Feed Forward
) N

s

BertEncoder
<

BertSelfOutput
Layer Normal & Dropout

t
BertSelfAttention
Multi-Head Attention

e
. — i

Input Embedding[@er Normal & Dropoutl
A

\U

Token Positional Segment
Embedding Embeddlng Embeddlng

BertAttention

[ Input ids J [Posmon |ds]

Token type |ds]

1-5. BERT 48 4= B 4R15 &
WP 1-5 Frs {2 — N VEGNRR G BERT IS4, o] LUK EILEL b 28841
gER) 5 2 i 4HR Transformer Encoder A%, HARTE Input #9527 —4
Segment Embedding. T gL H46 7 Sk Hed 1) 5 AN AT A4

1.3.2 Input Embedding

WK 1-6 iz, 76 BERT 71 Input Embedding Bk 3 B 405 =A% : Token
Embedding . Positional Embedding A1 Segment Embedding . & #X Fi [ i Fh

5
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Embedding 7£ Transformer # 24 Aid, HIX B FEEZENZ BERT H
Positional Embedding XT84 B g% A & K A A -5 2, 110 2 2R
AN — PN — MBI T — N &, RIE A M2 — I 2520,

Input EmlMﬂming[Layer Normal & Dropout]

A

Token I”" Positional Segment
| Embedding I | Embedding [ Embedding ]
1 1 t g
| 1 1
[ Input ids ] [ Position ids ] [Tokentype ids]

1-6. Input Embedding Z5#J[&
MR, AT RN — A2 BERT FRRITI SRR B B K RS2 Rk 512 N F
FHKE, XRFAREINSZEIES (B HRFERNKERA 512.

To speed up pretraing in our experiments, we pre-train the model with sequence length
of 128 for 90% of the steps. Then, we train the rest 10% of the steps of sequence of 512
to learn the positional embeddings.

Brubz 4b, 55 =353 W& BERT H Fr 5| A% Segment Embedding. H1-T BERT
() H B — AN A P TR SR B, TR b 75 5 SHfe I 1) 5 NILP {155
s R RIS o K Segment Embedding Fr1F A (3 52 F R X 2B N 5 471 R AR []
oy, FAR TR I — AN I8 R RN R X o B — AN B AL A7 B . BN (e
NSP {F:5 1, X TAERE—Ma)F (LAY Skid, K pE—Ar B & F—
ANAIERATERIR, DUR X 7R 4y 4 2 56 1 AR 7 45 /2 5 2 A1), Rtk
I Segment 17 R K E N 2.

BJa, FIX =#4> Embedding J& FI45 RARIN GREATRRENL) 53T &
2411 Input Embedding #5535, WiEl 1-7 fis .

o () () () ()] ) o) ) ) () o)

Token

E

E:

E

E

E likes ‘

E

Edog H Eis H Ecute E[SEP] E

Embeddings [CLS] my he play ##ing [SEP]
+ + + -+ + + + + + + +

Segment

mposings | Ea || Ea || B0 ]| B[ B0 ] [ B0 ][ B0 ][ 0 | [ | [0 ][ & |
+ + -+ + -+ + + -+ + + -+

Position

erwenngs | B0 || i |[ B [ B ][ & [ & [[E ][ [ & | & J[E ]

1-7. BERT (I N\[E
WKl 1-7 Fras, s BT Input 7R R A8 A AN 7 81, o 88— AN 45 [CLS]”
B MERI b, R TSR MO AR KIS, IEA1E BERT Hfir
SER R LU EL “[CLS)” W R ) fEdE AT /0 2R R AT ORI SEge R, BUAT A 1
B IEE T E BRI 5 I “[SEP]” FA45F 2 FH SR AE ks
F)IE 5 TFHIRRE . Segment Embedding JZ I [ #f & F 5K X 43 5 ) 146 BT 2E F AN [E) 47
B, X RAER B NS B AL E R E AR R, MR R R A R

6
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—HhJiE, A4 Segment Embedding JZ At N i AEAS Token HIA & 1) B #AH [H] o B
J& » Positional Embedding 72 F kA5 R 4] 1 H &4 Token % HFFERIAL &, 1615
BAIBESHIL RIS “H 7 Xtk BRGNS 24k W5 S5 5230

Sentence pairs are packed together into a single sequence. We differentiate the

sentences in two ways. First, we separate them with a special token ([SEP]). Second,
we add a learned embed- ding to every token indicating whether it belongs to sentence

A or sentence B.

1.3.3 BertEncoder

il 1-8 Fron{E /2 Bert Encoder Z5 R K, HAEEAH 2 BertLayer (1
A2 18 S AT TR AR Transformer blocks) R4 ik o

A

-
BertLayer

BertOutput
—>| Feed Forward &

Drouput & Layer Normal

t

 Bertintermediate

Feed Forward
—.r - — e —

——— -

/=) 1

BertSelfOutput
Layer Normal & Dropout
) f
BertSelfAttention
Multi-Head Attention

S I

BertEncoder

BertAttention

1-8. BertEncoder &5#[E

BN, e EE 2 9 H LoRFE R BertLayer /2%, HJ BertEncoder &
Hi L~ BertLayer fTf R FH H SRFREBERYERE; H AREKRZKiER T2
KA. [FIEE, 788 ST AE 35 43 9 it BERT e (L =12,H =768, A=12) FiI
BERT pree (L =24, H =1024, A=16) XA R ST ) BERT BAYHEAT 1 S2IGXT L
B FIX 350 A N 54 Transformer o 83T T HE4ENA, FTLLX A
B, M 2 A WS SRS S
1.3.4 MLM 5 NSP 1£%%

N T RENS B UTF)I1%k BERT W44, 18 C/EATE BERT By f2 b 5] AAMT
%, MLM F1 NSP. XFF MLM AF55K 10, A5k & AL 55 50 A\ 51+ 15%

77

(1) Token (RIAH “[MASK]” & #4557 H 1) Token) , #RJ57E BERT [P &5 R
Ot N 5 67 B 4 1) 3R A T B S A T
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In order to train a deep bidirectional representation, we simply mask some percentage
of the input tokens at random, and then predict those masked tokens. In this case, the
final hidden vectors corresponding to the mask tokens are fed into an output softmax
over the vocabulary, as in a standard LM. In all of our experiments, we mask 15% of
all WordPiece tokens in each sequence at random.

HEMEEIRE], B MLM XA me s 15 2 — MBI I 268, (2
FEANHAEAEA L Z AL . HT7E fine-tuning B, BT 5 A7 21 s FEAAEAES [MASK]”
IXFER Token, [RIIX:KE S5 pre-training A fine-tuning 22 [A] 7E£E AN UL FC AN —E )
[ (GAP) .

Although this allows us to obtain a bidirec- tional pre-trained model, a downside is that

we are creating a mismatch between pre-training and fine-tuning, since the [MASK]
token does not ap- pear during fine-tuning.

N TR PIX— a8, VAR R 46 MLM [ 2ERE 7 4807 #8553, B 461k € 15%
ff) Token, SR )543 80% & #i hy “[MASK]” « 10% FEHL 2 # Jy & Token.
Pl T HI10% AAE . iz 5 EUX 15% [ Token i B (1930 H 43 2ok TR0l L B s fl
The training data generator chooses 15% of the token positions at random for
prediction. If the i-th token is chosen, we replace the i-th token with (1) the [MASK]

token 80% of the time (2) a random token 10% of the time (3) the unchanged i-th token
10% of the time.

e, VEEILG T — AR S T X LS R, il 1-9 .

Masking Rates Dev Set Results
MASK SAME RND MNLI NER
Fine-tune Fine-tune Feature-based

80% 10% 10% 84.2 954 94.9
100% 0% 0% 84.3 94.9 94.0
80% 0% 20% 84.1 95.2 94.6
80% 20% 0% 84.4 95.2 94.7
0% 20% 80% 83.7 94.8 94.6
0% 0% 100% 83.6 94.9 94.6

1-9. 7N[E] MASK SRRE ST L 45 SR
TR 22 AT 55 7 ZEARHE T 70 B P A0 1k 2 TR 59 S oRBEAT A8, 48] o )
%45, N VAR RE e B A XAERIRE ), PR FER SO SR T =70 2K
A TS
Many important downstream tasks such as Ques- tion Answering (QA) and Natural
Language Infer- ence (NLI) are based on understanding the relationship between two

sentences. In order to train a model that understands sentence relationships, we pre-
train for a binarized next sen- tence prediction task.

HARM, X TR EARAZ R A 1B PIA)JIE A, b 50% H1E 5L B
TsEA A BN —H)1E (AR IsNext) , 734M1)50% B DL B ik R HE
FIBENLA) T (Fr2&00 NotNext) , SRJEHALKTIN B &5 A 1T —HJif.

8
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Specifically, when choosing the sentences A and B for each pretraining example, 50%
of the time B is the actual next sentence that follows A (labeled as IsNext), and 50% of
the time it is a random sentence from the corpus (labeled as NotNext).

Wk 1-10 FrsfE 2 ML A1 NSP X ANME S BERT Tl ZRB () da A\ Hi 7w
=, i b ERH R C AT T NSP R0 155; HeiE BR
T, T U - 1000 4 4% 75 1Y) Token.

/NSP Mask LM Mask LM \
i * :

O O B

BERT

BHE) - @OEE )
T 1T T AF 1T i
[[CLS]] [Tok 1] [Tok n] [[SEP]] [Tok 1] [Tok m]

Masked Sentence A ﬁ Masked Sentence B
\ Unlabeled Sentence A and B pair J
[E] 1-10. ML F0 NSP {E5 MR LEHIE]

Bk, XF BERT A FBLLL K NSP. MLM X PIAME S N w44 58
T o SR, R BN FoRE BERT FEA K KEIEHT, XM
F ATk “BERT 244 /& £ E /) Transformer Encoder HEZ ik ” , 3 HATiH
[¥] “bidirectional” 523 Ak 2 Transformer 111 self-attention L. [FJi,
EHEAE R HIELL BERT RIH G RNIZAIE T MLM F1 NSP IX 5 Rl T 45 ) 7
NGRS, A1 2545 21 B AL BLAT 95 0K 1 R AR e

FEN i, EAEHSTEMN Hafs) TR BERT A4, DLA AT E A
WA FIEE A 201 is FAE TS .
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% 2% BERT LI

25 131 WARKNA, HERFNT BERT A BALEH AR T
—EH T fE. RIEE 1-8 AIE1, ARG EORUE BERT g2 H 2 AR Transformer
SitdESmek, [EINLE Embedding #5732 I T —> Segment Embedding. 7£#%
FRAACIS S R, MK 2 DL 1-5 Hf BRIk AR BT s B BB o e — AN
Fe o AT 2 . AN AE IERA 48 BERT BiA AL SEHLRT, BEMERNH—T
BARIGH) TRESE M, DL ] —F BERT SRS 4 #E .

2.1 TiZ2454

HH T #EANT H W S B ARSI 2, By DLEEAE A 0 AR IX B AT Ui B,
TR AR T~ R SR AE [ 13 5 8 S 3 ) B8 PRk th e A7 BIAH R ARS8 43 o [RIR, 3
A A 5 2 OR ZRAE B2 0 [RI B R e 4 S 5 ARG — AT Rl 52, Rl F 5L ik

TREACHS a] NP2« https://github.com/moon-hotel/BertWithPretrained % Ex !

W R IARKS AT BE A2 AE 7)1, i | github $7 BB HT AR S B4R 5E issue !
BertWithPretrained

bert_base_chinese

bert_base_uncased_english
cache
data
model
Tasks
test
utils
2-1. KIBIiEEME
i 2-1 Pros 2B TR H s ait, B8 T FIZE . 2247 B
B Hz . BRMER. TIESHZ. WHAEG H M T RBERE %,
1) TRIIZAERH 5
FER 2-1 v, s BT A PIAN SO 23 30— B v SC A B ke S B IR T
WA A REA G S 3 N30, ol 24, BAES N
B AN iR 2 34, LA bert_base_chinese A, &l 2-2 k.
bert_base_chinese
¢yconfig.json
' pytorch_model.bin

= vocab.txt

2-2. FUNZEE B REH
10
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7EK 2-2 H1, config.json #& BERT #8Y [1) R IABCL B P9 %% 5 pytorch_model.bin &
huggingface[8]JT ¥ ¥ BERT H SCHi Il 2l ; vocab.txt 23K . — MRl K24
FEOL N A VEA T B B OX Sl B, ME— n] BEsh k2 config.json #1138 4
ZH
2) ZeArHZ

fEE] 2-1 1, cache H 72 F RAFTBON Zhad B2 B OR A7 T R AL
3) HIESEHF

(EE 2-1 b, data H SR HIRAZHOS A FHEAE S AR CEARAE, H Tk —
7 6 MRS, Wil 2-3 o
data
MultipleChoice
PairSentenceClassification
SingleSentenceClassification
SongCi
SQuUAD
WikiText

E 2-3. HIEREEHREN
i 2-3 firzx, MultpleChoice. PairSentenceClassification. SingleSentenceCla
ssification A1 SQUAD iX 4 > H x4 AN R /2 4 A FIFAE S5 RS SongCi
A WikiText 72 /5 1 H T NSP 1 MLM PI/MESS IBE S, 1 S bR FH i AR
SAFANFAT A

4) BRH
fEE] 2-1 1, model H X A#H 24 BERT BAYHSEBLAAY, PAL R
FESSHIASCSEI, &l 2-4 Pk
model
BasicBert
@ __init__.py
~ Bert.py
= BertConfig.py
~ BertEmbedding.py
@ MyTransformer.py
DownstreamTasks
@ __init__.py
 BertForMultipleChoice.py
« BertForNSPANdMLM.py
@ BertForQuestionAnswering.py
= BertForSentenceClassification.py
@ __init__.py
2-4. BEBAREH
11
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il 2-4 Fyx, BasicBert HgH @& BERT A %A M scsl, H
MyTransformer.py 2#A~ Transformer 2581528, X BIRATRR E 51 H 2L 1
MultiheadAttention #k; BertEmbedding.py & BERT ##!r InputEmbedding #
Bff)szEl; BertConfig.py /& BERT #EAIIAL E S NSLH; Bert.py &% BERT
BT () S

7EK 2-4 1, DownstreamTasks HH & BERT B EAN R I#AL S5 I SZEL,
OB N B AN 22 A 2K 1) BertForSentenceClassification.py #i5; 4%} % v
&£ BertForMultipleChoice.py #238t; 1% SQUAD [ @ [=] 2 1) BretForQuest
ionAnswering.py i3, LLAZEF % NSP #1 MLM Tiii)ll &3 #2#¢) BertForNSPAndML
M.py ik,

5) THHES H 3%
2R 2-1 1, Tasks HH 7R model HF AN S5 ARSI 20408, o
K] 2-5 Fiw .
Tasks
@ TaskForMultipleChoice.py
» TaskForPairSentenceClassification.py
@ TaskForPretraining.py
» TaskForSingleSentenceClassification.py

@ TaskForSQuADQuestionAnswering.py

2-5. TiFESEREM
7EE] 2-5 71,  Tasks H3X A2 BERT BB & AMESS YIZREL 7 HISEHL, ALHEEEXT
BAST A4 251 TaskForSingleSentenceClassification.py ik, &Fxf £ AR T
askForPairSentenceClassification.py f&Ht; %1% 2 8] @ik £ 1) TaskForMultipleCho
ice.py fH; £1%F SQUAD n) i [RZ ) TaskForSQUADQuestionAnswering.py fi
B DURERS NSP A MLM Tl 25t F2 (1) TaskForPretraining.py JIIZREE
6) AR H %
EE 2-1 1, test HFKHAEBN 2 S MM S5, H T8I St F2 i
Bk, a8 NS T AH IS R S e AR LR 2
7) THBHHZ
FERE 2-1 1, utils H SRR S — 2 B T RS, & 2-6 Fis.
utils
@ __init__.py
@ create_pretraining_data.py
= data_helpers.py
~ log_helper.py

2-6. TRBIREAREN

12
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il 2-6 i, log_helper.py 72 H &5t N A IAHOCE X5 data_helpers.py 72
B R AT 55 3 SE R i 523, create_pretraining_data.py /& NSP A1 MLM 1F:
S5 R SR A G 5L
2.2 SYEE

FERAL I SEE R, FRATTIE B #2258 SL—A> Config 28I F 28 1) il 7 A% &k
TRAFB AN SHUE . 88, I RART BENAH S it S $ (91 bert 1)
config.json 3CF) , 4 R 7 Z U 1 25 SR {E 21 Config 2811 &A1k i A48 &
BPAT . I SX GOk E S HUR KN — N 2 B o3 R 4. oA
P GRAE BB BN AL 1B 4 AT R #E — AN SR AT B, IR FETE B3 In S 55 gl
N EAEM I DA E SCH LS . I LA Config 893 In—AN R A
e, SRJGAERE Y IR DGR Ty DA iR SRR 5 1 07 ok AE FH 24

2.2.1 #MipEkm
R 2 X — BertConfig 2, B[ A e 1 A48 2t /e A A b (1 AN S 5

1 class BertConfig(object):

2 def init (self, vocab size=21128,

3 hidden size=768,

4 num_hidden layers=12,

5 num_attention heads=12,

6 intermediate size=3072,

7 pad_token_ id=0,

8 hidden act="gelu”,

9 hidden dropout_prob=0. I,

10 attention probs_ dropout prob=0. I,

11 max_position embeddings=512,

12 type_vocab size=2,

13 initializer range=0.02) :

14

15 self. vocab size = vocab size

16 self. hidden size = hidden size

17 self. num hidden layers = num hidden layers

18 self. num attention heads = num attention heads
19 self. hidden act = hidden act

20 self. intermediate size = intermediate size

21 self. pad token id = pad token id

22 self. hidden dropout prob = hidden dropout prob
23 self.attention probs_dropout prob = attention probs dropout prob
24 self. type vocab_size = type vocab size

25 self.max_position embeddings = max position embeddings
27 self. initializer range = initializer range

13
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E PR, 58 16-27 47 & BERT MM ERA AT S &, [FFE

KW T 1P s 7 AR BRIAE

222 SFAKHESH

B8, BABEFRESLI— A TR MAH S N config.json IXAMERIA
BC & S, JFEHTIRAESZS BertConfig 281 &Nk A A&, SEIAAS AN T

1 @classmethod

2 def from dict(cls, json object):

3 ”””Constructs a BertConfig from a Python dictionary of parameters.””
4 config = BertConfig(vocab size=None)

5 for (key, value) in six.iteritems(json object) :

6 config. dict [key] = value

7 return config

8

9 @classmethod

10 def from json file(cls, json file):

11 ”””Constructs a BertConfigfrom a json file of parameters.”””
12 "7 json BLE SRR EE R

13 with open(json file, 'r’) as reader:

14 text = reader. read()

15 logging. info (f” &35 A\ BERT At &t {json file}”)

16 return cls. from dict (json. loads (text))

72 FIRARESH, 5 10-15 47 /2 BN A HIAC BSOS 21— json XF % 2 16 17
Jeilt from_dict R json X RIS EERE 2 BertConfig 2% &
X BAEAS—1RISE, £ Python H@classmethod &1 % B F & 2E AN S2 54k 28 %t
R TR A XS R IR, BRAHEH RIS 1 AMES cls (82 NS filib 2k
TR

2.2.3 {EARG
TESZIN5E FIRRRYf5, AT LU a0 T 5 2R AT (4 -

1 if name ==’ main

2 json file = .. /bert base chinese/config. json’
3 config = BertConfig. from json file(json file)
4 print (config. hidden size)

5 print (config. vocab size)

6

7 # 768

8 # 21128

14
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£ ERAHEH, 56 2 AT RECESCIFTE I ERAE; 2 3 1T =& MR4E config.json
12 ok sS4k BertConfig 2R GIFIR [MHZ0 R s 58 4-5 475 LAUT M 2R A 7
KA B AH RS 2

2.3 Input Embedding SEI}

B, FAEKE Input Embedding MISEELIEFE . N T E A Z BIEAN A
Transformer SZELES AT FH 2 13X 300 A0HD, FRATT B 7R IX 264 _E i —4> Segment
Embedding BfA] .

2.3.1 Token Embedding

Token Embedding, HIY{HiRIER A, B NLP HoR AR IR % [a) & 1) —
ANFEAREAE, HIFFEMEGAFEEE, BARSLET:

1 class TokenEmbedding (nn. Module) :

2 def init (self, vocab size, hidden size, pad token id=0,
initializer range=0.02):

3 super (TokenEmbedding, self). init ()

self. embedding = nn. Embedding(vocab size, hidden size

S

padding idx=pad token id)

5 self. reset parameters(initializer range)
6
7 def forward(self, input ids):
3 20
9

:param input ids: shape : [input ids len, batch size]

10 :return: shape: [input ids len, batch size, hidden size]
11

12 return self. embedding (input ids)

13

14 def reset parameters(self, initializer range):

15 for p in self. parameters() :

16 if p.dim() > 1:

17 normal (p, mean=0.0, std=initializer range)

1E_FiRAES R, 28 4 47 F ) padding_idx A& k45 & 2 51 H T padding 4b#E
MZRE 95, —BORBIAELZ 0. 7E48E padding_idx &, WRHAFIITHE
0, MaXfMALE MR EH AR 0. 488, X—BEMEYNAHE L, FATE
HEE ¥ /RE R NHE L@ padding_mask A&k HIX M A, Bk S
WCEB]A 3 TH N . 3 5 T RHA N7 URVIGHI S, “RXILT
AeHB] . FOARERAE FIAES T 0H, E24k45@ 1 NSL A1 MLM X F4
5 RGBT SH, BATRKZEUEOL A2 IR BERT #4240 bidtiT,
MM LK. 5 7-12 174 Token Embedding O RG [A4EIR LR 55 14-17 472
FHER B S HAIGE T

15
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2.3.2 Positional Embedding

X}T Positional Embedding >k, FHAF {2 H KM U B E = IHLEIA B
PE B SCA T 41 A 8 A7 B AT 6 1) . Ok T 130 73 N SR BRI 4, AT A
2 ILSCEE[6] 28 2 FTH I 2 - AN AT Transformer 71 Positional Embedding 1 SZ 81
773, 1 BERT H Positional Embedding J¥% %5 % F [# 5 148 #e o8 ROk i HAEA
frE ERIME, TSR T 2RI E Embedding BI7 SR AR B AE R — A1)
B, RIEHEE R — &Ik, B, X — ARt R & 5 2248 Pl 2R H S BERT
RRAAIN , B KPP B BE R BEE 512, BUNFE IR RAJUa4E 1 512 M & ) & .
HARHy, HSEIARG IR

1 class PositionalEmbedding (nn. Module) :

2

3 # Since the position embedding table is a learned variable, we create it

4 # using a (long) sequence length max position embeddings. The actual

B # sequence length might be shorter than this, for faster training of

6 # tasks that do not have long sequences

7

8 https://github. com/google-research/bert/blob/master/modeling. py

9 won

10

11 def init (self, hidden size, max position embeddings=512,
initializer range=0.02):

12 super (PositionalEmbedding, self). init ()

13 # K74 BERT Fililll A B B B2 0 512

14 self. embedding = nn. Embedding(max position embeddings, hidden size)

15 self. reset parameters(initializer range)

16

17 def forward(self, position ids):

18 0

19 :param position ids: [1, position ids len]

20 :return: [position ids len, 1, hidden size]

21

22 return self.embedding(position ids). transpose(0, 1)

M E R ACHS AT LLE Y, Positional Embedding A< 5 _F 1 5l & — AN 38 1
Embedding /=2, R2fEX—5 TMEEW T T Ef a8 3, BFESdh s —1
MNMEFHOMHMERNRER K, HE, HERIALRES, % 14 700
max_position_embeddings {64 512, & A 2 RFHR K 512 /> token HIHIA

2.3.3 Segment Embedding

Segment Embedding )i B & H I SEAEE CE 6] C& 4N 4Hit, g
KRN T B ST S AR AE 7R B A TE R B\ B R 3 5, BDe] DUR

16
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FSR RN I AS 7 51 43 IR T — AL B R = A PAX 0 % B T E AL B 1X— 5
A LAAN_ETH 1) Positional Embedding i#E4725 0. Bk, HseBAR ST
1 class SegmentEmbedding (nn. Module) :

2 def init (self, type vocab size, hidden size,

initializer range=0.02):

3 super (SegmentEmbedding, self). init ()

4 self. embedding = nn. Embedding (type vocab size, hidden size)

5 self. reset parameters(initializer range)

6

7 def forward(self, token type ids):

8 P00

9 :param token type ids: shape: [token type ids len, batch size]
10 :return: shape: [token type ids len, batch size, hidden size]
1 P00

12 return self.embedding (token type ids)

1E FiR AR A, type_vocab_size HIERINME Y 2, BRI T X704 F1 A
EiEDAZE
2.3.4 Bert Embeddings
7E5¢ ) Token. Positional. Segment Embedding iX 3 M HIAIL 2 J5, R
BUR A2 (0 45 S AR N ED o] 15 2 5 24 (1) Input Embedding fE MR, 40
] 2-1 Fiow
() () () ) () ) (e

Token

Embeddings ‘E[CLS] Emy Edog Eis Ecute E[SEP] | Ehe ’Elikes Ep!ay ' E“ing ‘E[SEP]
+ + + + + + + + + + +

Segment

s | Ea | [ B || B || B[ B[ B ][ B |[ B | [ B ][ & |[ & |
-+ - +* +* +* +* + + +* +* +

Position

Erwesangs | Eo || Eo || B || B || B || & || B & |[ B || B || By

[ 2-1. BERT HIAFE
Hpgsh, HAMSEIN:

1 class BertEmbeddings (nn. Module) :
def init (self, config):
super ). init ()
self.word embeddings = TokenEmbedding (config. vocab size,
config. hidden size,
config. pad token id,
config. initializer range)

# return shape [src len, batch size, hidden size]

© 0 N O O1 W W DN

self. position embeddings =

PositionalEmbedding (config. max position embeddings,

17
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10 config. hidden size,
11 config. initializer range)
12 # return shape [src len, 1, hidden size]
13 self. token type embeddings=SegmentEmbedding(config. type vocab size,
14 config. hidden size
15 config. initializer range)
16 # return shape [src len, batch size, hidden size]
17 self. LayerNorm = nn. LayerNorm(config. hidden size)
18 self. dropout = nn.Dropout (config. hidden dropout prob)
19 self. register buffer (“position ids”,
torch. arange (config. max position embeddings). expand ((1, -1)))
20 # shape: [1, max position embeddings]

e ERAASH, config BE AN —ANMACE SR, B &AL 82 BERT H
X IR R S 5 4,913 47482 H R 70 il i€ & 2-1 H i) 3 #5743 Embedding.
%19 7RISR HRAE R —ANEAMALE id, BP[0,1,....,512], 7E/E4En] Ll
self.position_ids SKBEAT 1A -

2, AT AR R RS

1 def forward(self,

2 input_ids=None,

3 position ids=None,

4 token type ids=None) :

B

6 src_len = input ids. size (0)

7 token embedding = self.word embeddings (input ids)

8 # shape:[src len, batch size, hidden size]

9

10 if position ids is None:

11 position ids = self.position ids[:, :src len] # [1,src len]
12 positional embedding = self.position embeddings (position ids)

13 # [src len, 1, hidden size]

14

15 if token type ids is None:

16 token type ids = torch. zeros like (input ids,

17 device=self. position ids.device) # [src len, batch size]
18 segment_embedding = self. token type embeddings (token type ids)
19 # [src len,batch size, hidden size]
20
21 embeddings = token embeddingt+positional embeddingtsegment embedding
22 embeddings = self.LayerNorm(embeddings)
23 embeddings = self. dropout (embeddings)
24 return embeddings # [src len, batch size, hidden size]

18
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7E_ERARAS . 5 7 47 input_ids RonH AT I 545 token id, RIARHE AR
WL IR 5], HIER AN[src_len, batch_size]: % 10 41T position_ids 17 & 41,
A2 [0,1,2,3,...,src_len-1], FHIELRA[L,src_len], 1ESZFrE R XSS B
ATUARARE, RSO TSE2EH3M self.position_ids #H—EL; 28 15 1T
token_type_ids A T AN[A] 7 41 2 (B 73 1, 4140[0,0,0,0,1,1,1, 1] F T~ [X 73 1iif 5 AN Al
KI5, IR A [sre_len,batch_size], & NI RA —ANF5), A
MNSHWA R 5 21-23 4TSI H KK 3 #555 Embeeding 1945 R AH N

2.3.5 EARG
£ 58 3k Embedding #5431 ARD SIS , A8 T LU G R 7 2okt AT 48«

1 from model. BasicBert. BertEmbedding import BertEmbeddings

2 from model. BasicBert.BertConfig import BertConfig
3 import torch

4

5 if name == main

6 json file = .. /bert base chinese/config. json’

7 config = BertConfig. from json file(json file)

8 src = torch. tensor([[1,3,5, 7, 91, [2, 4, 6, 8, 10]], dtype=torch. long)
9 src = src. transpose(0, 1) # [src len, batch size]

10 token type ids = torch. LongTensor ([[0, 0, 0, 1, 1], [0, O, 1, 1,
1]11). transpose (0, 1)

11 bert embedding = BertEmbeddings (config)

12 bert embedding result=bert embedding(src, token type ids=token type ids)
13 print (© ——————— i BertEmbedding —————— ”)

14 print ("bert embedding shape [src len, batch size, hidden size]: 7,

bert embedding result. shape)

RAHIZAT A A e R 2 T 25

| ==——— iR BertEmbedding ————————-
2 bert embedding shape [src len, batch size, hidden size]: torch.Size([5, 2, 768])

2.4 BertModel SCI

FESEILSE Input Embedding &6 73 FIARAS S, N TR AT LLAE F- RS i BERT
AR5 2 /N BB R 4> BertEncoder 1. W1 2-2 fiizs, > BertEncoder
%/~ BertLayer ¥:&JE ;1 BertLayer X & H BertOutput. Bertintermediate #/1
BertAttention iX 3 ANE4r4lik: [FHS BertAttention J&Hi BertSelfAttention F1
BertSelfOutput T4 i«

19
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BertEncoder

’
BertLayer

-

BertOutput
Feed Forward &

Drouput & Layer Normal

t

 Bertintermediate

Feed Forward
—.r - — e c—

. 1

BertSelfOutput
Layer Normal & Dropout

t
BertSelfAttention

Multi-Head Attention

47

\

BertAttention

1 class BertSelfAttention (nn. Module) :

2
3
4

© 0 N O O1

10
11
12
13
14
15

def init (self, config):

super (BertSelfAttention, self). init ()
if 'use torch multi head’ in config. dict and

MultiHeadAttention = nn.MultiheadAttention

else:

MultiHeadAttention = MyMultiheadAttention
self.multi head attention = MultiHeadAttention(config. hidden size,

config. num attention heads,

def forward(self, query, key, value, attn mask=None, key padding mask=None) :

return self.multi head attention(query, key, value,

config. use torch multi head:

config. attention probs dropout prob)

attn _mask=attn mask,

key padding mask=key padding mask)

7E ERARS 2 4-10 4T 2 LB — D2 kiER JIVLHIX &, FF HixX B4
PRAL TR S sz B — R 2 AT Transformer FRATH CHOSZEL, B —Fh 2
PyTorch FR {28 ; AT LLE TS % & 2% use_torch_multi_head = True >k i PyTorch

20

2-2. BertEncoder Z5#4[E]
oKk, EAEELCAE 2-2 AR B I SR AR IR AN I AT SE B

2.4.1 BertAttention SEI)

XFF BertAttention K1, 75 EEEH A& HAZ O ZLE Transformer 1 FT$E
SKef) self-attention ML, 2K 2-2 F1f) BertSelfAttention #&kk, HIkH 2 —
ANGR IR SR AL ERE . 6T BertSelfAttention [F152F, HACK GO .
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S, 28 12-15 472 2 Skik B 1A g R R, R B AN 55
23R B IR A DU 2 Sid B TR 31

b Ag 2 BertSelfAttention fSEIARAS, H XM EE 2 GoogleResearch[7]4%
5 Hh i) attention_layer J79% . 1E 40 HY [ ik, BertSelfAttention A Jii b Ak 2
Transformer #7 oh [f) self-attention 1k, ELKJFEFE A2 W Z[6], X B EAE A
B

X1 BertSelfOutput )52, H 3= Eigi/2 /= Dropout. FrfEAb Mk ZI1EHE 3 4>
Ak, AT

1 class BertSelfOutput (nn. Module) :

2 def init (self, config):

3 super (). init ()

4 self. LayerNorm = nn. LayerNorm(config. hidden size, eps=le-12)
9 self. dropout = nn.Dropout (config. hidden dropout prob)

6

7 def forward(self, hidden states, input tensor):

8 vy

9 :param hidden states: [src len, batch size, hidden size]

10 :param input tensor: [src len, batch size, hidden size]

11 :return: [src len, batch size, hidden size]

12 worw

13 hidden states = self. dropout(hidden states)

14 hidden states = self.LayerNorm(hidden states + input tensor)
15 return hidden states

IR 2 BertSelfOutput frysEE, Hok feth 44 5, FEHERAFEKRD.
B N R uk 2 4 BertAttention # 4r 19 S2 8L, F i BertSelfAttention F
BertSelfOutput iX AN AR, ARAS U

1 class BertAttention (nn. Module) :

2 def init (self, config):

3 super (). init ()

4 self. self = BertSelfAttention(config)

5 self. output = BertSelfOutput (config)

6

7 def forward(self,

8 hidden states,

9 attention mask=None) :

10 D2

11 :param hidden states: [src len, batch size, hidden size]
12 :param attention mask: [batch size, src len]
13 :return: [src len, batch size, hidden size]
14 Do

15 self outputs = self. self(hidden states,

21
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16 hidden_ states,

17 hidden_ states,

18 attn_mask=None,

19 key padding mask=attention mask)

20 # self outputs[0] shape: [src len, batch size, hidden size]

21 attention output = self.output(self outputs[0], hidden states)
22 return attention output

7E RS, 25 8 47 hidden_states /& Input Embedding 43 5 145 % 28 9
AT 1Y attention_mask 5t A2 [A]—™ batch H AN K B 7 %1 1) padding 15 2., BARTRT LA
Z WICE6]ZE 3 TTHINA; 25 15 /72 BiE R INLSI M a5 5 5 21 1782
AT BertSelfOutput F11#) 3 MERE.

2.4.2 BertLayer 2]

M4 P 2-2 T4, BertLayer HLIHIIEF BertOutput A1 Bertintermediate 1X 54>
By, BRI T Aok SEBLX AN BB 0

XTT BertIntermediate SRt i & — AN I8 1) 2 E R =, DRt St SR AR
faj B, ARG

1 class BertIntermediate (nn. Module) :

2 def init (self, config):
3 super (). init ()
4 self. dense = nn.Linear (config. hidden size, config. intermediate size)
5 if isinstance(config. hidden act, str):
6 self. intermediate act fn = get activation(config. hidden act)
7 else:
8 self. intermediate act fn = config. hidden act
9
10 def forward(self, hidden states):
1 200
12 :param hidden states: [src len, batch size, hidden size]
13 :return: [src len, batch size, intermediate size]
14 200
15 hidden states = self. dense(hidden states)
16 # [src len, batch size, intermediate size]
17 if self. intermediate act fn is None:
18 hidden states = hidden states
19 else:
20 hidden states = self.intermediate act fn(hidden states)
21 return hidden states
e FIRARES Y, 5 6 47 HORIRYE 15 € S HERIBOE k£,  FACAS L3 an T fr
7N
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1 def get activation(activation string):

© 0 N O O1 & W DN

— = =
N = O

© 0 N O O1 » W DN

— = = e
O N e )

15
16
17
18

2

3
4
5

act

= activation string. lower ()

if act == “linear”:

return None

elif act == "relu”:

return nn. ReLU()

elif act == "gelu”:

return nn. GELU ()

elif act == “tanh”:

return nn. Tanh ()

else:

raise ValueError (“Unsupported activation: %s” % act)

20, % F BertOutput Kiid, AL SH HAUETH I EERE MR EIER,
SEHACKS T -

1 class BertOutput (nn. Module) :

def

def

__init_ (self, config):

super ). _init_ ()

self. dense = nn.Linear(config. intermediate size, config.hidden size)
self. LayerNorm = nn. LayerNorm(config. hidden size, eps=le-12)

self. dropout = nn.Dropout (config. hidden dropout prob)

forward(self, hidden states, input tensor):

:param hidden states: [src len, batch size, intermediate size]
:param input tensor: [src len, batch size, hidden size]
:return: [src len, batch size, hidden size]

hidden states = self. dense(hidden states)

# [src len, batch size, hidden size]

hidden states = self. dropout(hidden states)

hidden states = self.LayerNorm(hidden states + input tensor)

return hidden states

e LIRS A, 55 8 47 HL hidden_states $5 52 Bertintermediate %R ()%
i, 1fi input_tensor JIJ /2 BertAttention £ 7> H%i H .
TESEILTEIX AN 0 ARRY f5, v LS BertAttention. BertIntermediate
A1 BertOutput 1X 3 N7 kS 2H A (1) BertLayer 343, ARAZUIT:

1 class BertLayer (nn. Module) :

def

__init (self, config):
super (). _init ()
self.bert attention = BertAttention(config)

self.bert intermediate = BertIntermediate(config)
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6 self.bert output = BertOutput (config)

7

8 def forward(self,

9 hidden states,

10 attention mask=None) :

1 o

12 :param hidden states: [src len, batch size, hidden size]

13 :param attention mask: [batch size, src len] mask i padding #5492
14 :return: [src len, batch size, hidden size]

15 o

16 attention output=self.bert attention(hidden states, attention mask)
17 # [src len, batch size, hidden size]

18 intermediate output = self.bert intermediate(attention output)

19 # [src len, batch size, intermediate size]

20 layer output=self.bert output(intermediate output, attention output)
21 # [src len, batch size, hidden size]

22 return layer output

M ERARRL AT AR B, %F BertLayer HSZEIR UK P H M IFARKE
2%, HAAHRYE BertAttention. BertOutput A1 BertIntermediate 1X = 343 #4)i& 1 >R ;
() B AR AN 8 204 ) i PR 24 P AR AR AT 1 Fmid DA R S AT B

Fl, XFT BertLayer #B7r HISEILEE A 4H 58 1, T I 4k 28 KR F 40 e
BertEncoder 475281
2.4.3 BertEncoder 323}

PR 2-2 Ar7s el 51, BERT £ 2 H Input Embedding 1 BertEncoder 1X 4 3
SRR T BertEncoder S £ 4 BertLayer HMES Tk, R E S 2
BertEncoder, fCALANT

1 class BertEncoder (nn. Module) :

2 def init (self, config):

3 super (). init ()

4 self. config = config

5 self.bert layers = nn.ModulelList ([BertLayer (config) for in
6 range (config. num hidden layers)])
7

8 def forward(

9 self,

10 hidden_states,

11 attention mask=None) :

12 Do

13 :param hidden states: [src len, batch size, hidden size]
14 :param attention mask: [batch size, src len]
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15 :return:

16 yorn

17 all encoder layers = []

18 layer output = hidden_states

19 for i, layer module in enumerate (self.bert layers):

20 layer output = layer module(layer output, attention mask)
21 # [src len, batch size, hidden size]

22 all encoder layers. append(layer output)

23 return all encoder layers

& FRAASH, 25 5-6 172 H >k L £ A~ BertLayer; 2 18-22 17 H kG
M5 2 )2 BertLayer B G0 H 45 R . 5, R EIE K BertEncoder #5431
gy 2 SR N B R AT S RIS

Ht—20, TE¥% BertEncoder #4314t 25 Fom N B NS AT, 7B Hadt
ITREA A AT, AR AN .

1 class BertPooler (nn. Module) :

2 def init (self, config):
3 super (). init ()
4 self. dense = nn. Linear(config. hidden size, config. hidden size)
5 self.activation = nn. Tanh ()
6 self. config = config
7
8 def forward(self, hidden states):
9 Y
10 :param hidden states: [src len, batch size, hidden size]
11 :return: [batch size, hidden size]
12 Y
13 if self.config. pooler type == “first token transform”:
14 token tensor = hidden states[0, :].reshape(-1,
self. config. hidden size)
15 elif self.config. pooler type == “all token average”:
16 token tensor = torch.mean(hidden states, dim=0)
17 pooled output = self.dense(token tensor) #[batch size, hidden size]
18 pooled output = self.activation(pooled output)
19 return pooled output # [batch size, hidden size]

e ARG A, 25 13-14 AT4RHS AR EX BertEncoder it (25— M B ([cls]
PLE) , BIAIERE T SCA Sy 28 v DAEUZ AL B L4 BT R — 25 1 840 3
55 15-16 172 FAE H OB —/NMED, RoREUTA O B RSP AME, SRR 1H
AT UURYE B SRR BRI N s, 17-19 47— N E
MAeEEE.
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2.4.4 BertModel SEIR

Bk, X BERT B2 A ) AN FE R AR Bt @S2I 5e BE 1 Wi 2-3 Flfo s
TR RSN FARID 2 & B — i 58 i T 6T BERT AERY B 520

[ Downstream Tasks ]

— i ——

BertLayer

P e e

BertOutput
> Feed Forward &

Drouput & Layer Normal

t

Bertintermediate

Feed Forward

A

BertEncoder
P
=2

BertSelfOutput
Layer Normal & Dropout

t
BertSelfAttention
Multi-Head Attention

Input Embeddlng[_er Normal & Dropoutl

\.
Token Positional Segment
Embedding Embeddlng Embeddlng
1
1

[ Input ids J [ Position ids ] [Token type |ds]

BertAttention

2-3. BERT P4EHREAVARTSE]
BT LR P SCOUE F] LA 2 5 A BERT By kG H, AAIH0T

1 class BertModel (nn. Module) :

2 def init (self, config):

3 super (). init ()

4 self.bert embeddings = BertEmbeddings (config)
5 self. bert encoder = BertEncoder (config)
6 self.bert pooler = BertPooler (config)

7 self. config = config

8 self. reset parameters /()

9

10 def forward(self,

11 input_ids=None,

12 attention_mask=None,

13 token_ type ids=None,

14 position ids=None):
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15 Do

16 :param input ids: [src len, batch size]

17 :param attention mask: [batch size, src len] mask i padding #5492

18 :param token type ids: [src len, batch size]
WAL AT —APF, WAXASHWAHALE

19 :param position ids: [1,src len] 7&SzRRERI XA SHI S A] DU FIAL

20 :return:

91 Do

22 embedding output = self.bert embeddings(input ids=input ids

23 position ids=position_ids,

24 token type ids=token type ids)

25 all encoder outputs = self.bert encoder (embedding output,

26 attention mask=attention mask)

27 sequence output = all encoder outputs[-1]

28 pooled output = self.bert pooler (sequence output)

29 return pooled output, all encoder outputs

wn FARRS AR E 2 HEAS BERT #4r HUSEHL, Af DAKIUAE IS 1A A 51X
AR MR R U 25 5 T o 55 22-24 4748 /& Input Embedding J& )% H 45
B, HIEARA[src_len, batch_size, hidden_size]; % 25-26 1724/~ BERT 4wt
i, Hr all_encoder_outputs H—MEE 4 num_hidden_layers )2 i
s 28 27 AT R EAR R RS BERT M4, XEIUT &5 —ErfL, ¥
R A [src_len, batch_size, hidden_size]; 5 28 17 BRI\ &5 )5 —)ZHIZH 1 /> token Rl
[cIs]f7 & % dense + tanh JE 2R, HIEAR H[batch_size, hidden_size].

F, WTHEA BERT AR AT SN 58 T . TR &A% e
(R, 8 D AR SCHR I A% e i o &85 5 3 130 20 0 A 45 2R CRLFE TR AN 3 30
SKHATEME, DL RE T IDIEMT AR BERT A4,

2.4.5 EARG
{E5E R EIREEAS BERT A A (R ARHS SEE i , 8 m] DL an R 7 Aokt AT 4 F -

1 json file = .. /bert base chinese/config. json’
2 config = BertConfig. from json file(json file)
3 config. dict [ use torch multi head ] = True
4 src = torch. tensor ([[1, 3, 5, 7, 9, 2, 3],
[2, 4, 6, 8, 10, 0, 0]], dtype=torch. long)
5 src = src. transpose(0, 1) # [src len, batch size]
6 print (f”input shape [src len, batch size]: ”, src. shape)
token type ids = torch.LongTensor ([[0, 0, O, 1, 1, 1, 1],
0, 0, 1, 1, 1, 0, 0]]).transpose(0, 1)
attention mask = torch. tensor ([[True, True, True, True, True, True, True],
[True, True, True, True, True, False, False]])
10 position ids = torch. arange (src. size() [0]).expand((1, —-1)) # [1,src len]
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11 bert model = BertModel (config)

12 bert model output = bert model (input ids=src,

13 attention mask=attention mask,

14 token type ids=token_ type_ ids,

15 position ids=position ids) [0]

16 print (f”BertModel’ s pooler output shape [batch size, hidden size]: 7,

bert model output. shape)
IR IE AT 45 R 5 {3 RIS BAn T Fros i 45
1 — INFO: RIS BERT Fe® 2t .. /bert base chinese/config. json

input shape [src len, batch sizel: torch.Size([7, 2])
BertModel’ s pooler output shape [batch size, hidden sizel: [2, 768])

> W N

bert embeddings. position ids  torch.Size([1, 518])

bert embeddings. word embeddings. embedding. weight torch. Size([21128, 768])
bert embeddings. position embeddings. embedding. weight torch. Size([518, 768])
bert embeddings. token type embeddings. embedding. weight torch.Size([2, 768])

© 0 N O O1

bert embeddings. LayerNorm. weight torch. Size ([768])
10 bert embeddings. LayerNorm. bias  torch. Size([768])

12 bert encoder. bert layers. 0. bert intermediate. dense.weight
13 torch. Size ([3072, 768])

14 bert encoder. bert layers.0.bert intermediate. dense.bias torch.Size([3072]
172

)
D

15 bert encoder. bert layers. 0. bert output. dense. weight torch.Size([768, 30

16 bert encoder. bert layers. 0. bert output. dense. bias torch. Size ([768])

17 bert encoder. bert layers. 0. bert output. LayerNorm. weight  torch. Size ([768])

o O O O O

18 bert encoder. bert layers. 0. bert output. LayerNorm. bias torch. Size ([768])

19 ......

20 bert encoder. bert layers. 1. bert intermediate. dense.bias  torch. Size([3072])
21 bert encoder. bert layers. 1. bert output. dense.weight torch.Size([768, 3072])
22 bert encoder. bert layers. 1. bert output. dense. bias torch. Size ([768])

23 bert encoder. bert layers. 1. bert output. LayerNorm. weight torch. Size ([768])

—_ e e

24 bert _encoder. bert layers. 1. bert output. LayerNorm. bias torch. Size ([768])
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£3T HENREFESER

FE IS4 BERT BB R ORE S5 2/, EM SR E SRS T
'~ PyTorch HEZE A7 (R ST (A Y D ik, DAME JR 8 47 1O BE % BERT i
55 FH B 25 B B 8t 7

3.1 zAFE

@E, TR AR S A HIE LR 3 A,

1) BRIHERR R — ANPGRS I i 308 R 0 7 S 3 A AR AT HE R T
W, R N A AR (R A R AR, SRR BN NI I BRI 1k
o4 2% B T

2) BRI R BRI R 5E R 2 G T B AR B A, 3
AT AR T — BN A SR B T — HEH R, R M AN B 1% 3 7 B
BT (RS RN AT 7E B DA TR RIS (s R e AN T 4 B
W .

3) MIALTHE T, IXAHERE K N T2 AT TR Sk, (E R IR B
CL I B 70 S0 ) — B A AT T4k . Bl : FRAE BERT A7 3EmE Hn 7
JUAN G 2R M HAT S5, IR B 4G BERT MR h (258
3 LA SR HE AL IR 1 R 46 0 1 BERT 40 AL 24
ROk, AR 3 M ORISR A4 T R A PyTorch HEZEk 58 Ak L

R

32 BEENEZESH

Frif & MBS HER RS E 2 Ja, BATREANMEH S 815
TR ORI RS o 22 i DL 2RI 0 N 2 DN FE JE 823N BERT 5l 254
RIS, AT R EERE A IO ZRAE R (1 S 8042 5 28 T I S 4040 — — X R
A RES SE S EI T L AR .

HIF BERT A HAECE, Ty 1 ik T i FE AR LLZ BT 41 LeNets k%%
TR IR I AT S

32.1 BEFESH

TR BT LT LeNet5 MM AL 5, a0 FARAS TR :
1 class LeNet5 (nn. Module) :
2 def init (self, ):
3 super (LeNeth, self). init ()
4 self. conv = nn. Sequential (
5 nn. Conv2d (1, 6, 5, padding=2),
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6 nn. ReLU(), # [n, 6, 24, 24]
7 nn. MaxPoo12d (2, 2),

8 nn. Conv2d (6, 16, 5),

9 nn. ReLU(),

10 nn. MaxPoo12d (2, 2))

11 self. fc = nn. Sequential (

12 nn. Flatten(),

13 nn. Linear (16 5 5, 120),
14 nn. ReLU(),

15 nn. Linear (120, 84),

16 nn. ReLU(),

17 nn. Linear (84, 10))

18 def forward(self, img):

19 output = self. conv(img)

20 output = self. fc(output)

21 return output

TE5E X UF LeNets WERLEMIZ )G, RBIRATEMR T XA L pltbiete, A
2 WX 28 H S N LR S Bl 5E R T A N a4 AR, B T — AN IR ME . H
i, AT PLE I R EE

1 # Print model’ s state dict

2 print ("Model’ s state dict:”)

3 for param tensor in model. state dict():

4 print (param tensor, “\t”, model.state dict () [param tensor].size())
HiHmgs R N:

1 conv. 0. weight torch. Size([6, 1, 5, 5])

2 conv. 0. bias torch. Size ([6])

3 conv. 3. weight torch. Size ([16, 6, 5, 5])

4 .

B o

AT LRI, X4 452 o i) 2 80 model.state_dict() 3522 DL s g 20 (525 B
s collections i HH ) OrderedDict) fEZHATIRAF. 498, FRATHH AT DL Bk H Y
2 BN AR
1 print (model. state dict().keys())
2 # odict keys([ conv.0.weight’, ’conv.O0.bias’
3 # ’conv. 3.weight’, ’conv.3.bias’, ’fc.l.weight’
4 # fc.l.bias’, ’fc.3.weight’, ’fc.3.bias’, ’fc.5.weight’, ’fc.5.bias’])

X, BAVESRR TNEHRENSEHEREE, BRAMRAYEE. 71E4
TERE 2 S B il ] DARRYE 2 8042 FR BT IR U AH N R 250
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322 HEMXBHEIE

[EE, XEEAEERN AR S OS54 fo 1 conv FIZE 2R IER
£ 1€ X nn.Sequential )i 1742 & 4 Frifi € 1 @A 7 RonE
Sequential () 2% )2 BT LE AL B o 51 Gt 9 28 25 44 5 SR~ 2

1 class LeNet5 (nn. Module) :

2 def init (self, ):

3 super (LeNet5, self). init ()
4 self. moon = nn. Sequential (

5 nn. Conv2d (1, 6, 5, padding=2),
6 nn. ReLU(),

7 nn. MaxPoo12d (2, 2),

8 nn. Conv2d (6, 16, 5),

9 nn. ReLU(),

10 nn. MaxPoo12d (2, 2),

11 nn. Flatten(),

12 nn. Linear (16 5 5, 120),
13 nn. ReLU(),

14 nn. Linear (120, 84),

15 nn. ReLU(),

16 nn. Linear (84, 10))

WMARSH A AR

1 print (model. state dict().keys())

2 odict_keys ([’ moon. 0.weight’, ’moon.0.bias’, ’moon. 3.weight’,
3 “moon. 3. bias’, ’moon.7.weight’, ’moon.7.bias’, 'moon.9.weight’,
4 “moon. 9. bias’, ’moon. 11.weight’, 'moon.11.bias’])

B T 5 SN TSR EMHTRBA — e BN SRR A R B . A28
SR SHNBF LG, AT DU A EI B S I B A4 T
3.3 REMHETIE

BB — s S BIP AN IERE, — R UIGRES UGB AT s B A
AN ISR — AT AR
3.3.1 REURTE

7E PyTorch A, X TR 84 A ARA7 K 1 B e 17 B, 380 SR Bl o an F AT AR AL
AT PASEE[11]:

1 model save path = os.path. join(model save dir, ’model.pt’)

2 torch. save (model. state dict(), model save path)
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TEFR E IRAF AR B A PRI PyTorch B 7 @R JE 408 pt 503 pth CHAEA
s, flnbin WAESD o &E, RTEEEGERIITT I 2 7S RIAT
FERAE Y ) RAT o (RIS, W SRAR BN G FE R A SEAN 25 1 R s A AL, 8
A NAZIEIS T 75—

1 # Jhik—

2 best model state = deepcopy (model. state dict())
3 torch. save (best model state, model save path)

4 # Fik—

5 best model state = model. state dict()

6 torch. save (best model state, model save path)

KR 512 5 best_model_state 75| & model.state_dict() #15/H, E#KIH
2 BEAE IR FE T R AR AR
332 RBEEH

FEAEWIERE S, B e E S MM PR, MR JE EEA A RS HOKR
B M P IBUE S BT, R BRI .

1 def inference(data iter, device, model save dir=./MODEL’):

2 model = LeNet5() #

3 model. to(device)

4 model save path = os.path. join(model save dir, 'model.pt’)
5 if os.path. exists(model save path):

6 loaded paras = torch. load (model save path)

7 model. load state dict(loaded paras)

8 model. eval ) # EEAEEID

9 with torch.no grad():

10 acc_sum, n = 0.0, 0

11 for x, vy in data_iter:

12 X, v = x.to(device), vy.to(device)

13 logits = model (x)

14 acc_sum += (logits.argmax(l) == y).float().sum().item()
15 n += len(y)

16 print ("Accuracy in test data is :”, acc_sum / n)

FE_ERACRS 28 2 AT SEBIME—A> LeNets MZSARAL, [FIAT4A AL BLAT 15
RPN ESH, 28 4-8 TR BMAAM O ARAL, I H R FH IR N 25 T iAL
BB IXFE, (] DAREAT 5 2R AT AR .

1 Accuracy in test data is : 0.8851
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3.4 RER)Z STz

A ST R S E 2 5, ST HE IR e e 7, 5w
g — R R 7E I i TR oh P AE P25 AL TR, AR 5 76 S5 S A 18 T R %
AR AL E S FIEAL T INZRRNTT, REI T (GERR s w2 -

1 def train(self):
2 #o.o....
3 model save path = os.path. join(self. model save dir, ’model.pt’)
4 if os.path. exists(model save path):
5 loaded paras = torch. load(model save path)
6 self.model. load state dict(loaded paras)
7 print ("#### RIHBACHHA, HTEMIIZ. .. )
8 optimizer = torch. optim. Adam(self.model. parameters(),
lr=self. learning rate)
9 #o.o....
10 for epoch in range(self. epochs) :
11 for i, (x, y) in enumerate(train iter):
12 X, v = x. to(device), y.to(device)
13 logits = self.model (x)
14 #......
15 print ("Epochs[{}/{} ]——acc {:.4}”. format (epoch, self. epochs
16 self. evaluate (test iter, self.model, device)))
17 torch. save (self. model. state dict(), model save path)

XA, ESER AR E NI ZR. QR AR O H
1 B8 AN CAEBA, #HTEMmI%. ..
2 Epochs[0/5]—=batch[938/0]—acc 0.9062—1oss 0. 2926
3 Epochs[0/5]—-batch[938/100]—-acc 0.9375—1oss 0. 1598

Fritz Ah, AT DERAE S EI i, RO s 24 RAESE— FRAE T
K, IRIGER BRI RER L E S8 BRE, wEnT.

1 model save path = os.path. join(model save dir, 'model.pt’)
2 torch. save ({
3 epoch’ : epoch,
"model state dict’ : model.state dict(),
‘optimizer state dict’ : optimizer.state dict(),

4
5
6 >loss’ : loss,
7
8

};.model_save_path)
RN e Ny (T

1 checkpoint = torch. load(model save path)

2 model. load state dict(checkpoint[ model state dict’])
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3 optimizer. load state dict (checkpoint[ optimizer state dict’])
4 epoch = checkpoint[ epoch’]
5 loss = checkpoint[ loss’]

35 REIFHEES)

PIEHFT I, X F RN H 7 A A E e 7, v PURBLEAR 3t
RNE . RN 55 3 Rz 5 N R Ui SO 2 — A, X 2 Ja T 3R AT
#FH N\ BERT 5| 27U ) i,

3.5.1 EXHRE

BiZIAEAR — LeNet6 M ZSHA, & & /E LeNets Atk 5 2 7 — 14
ERE, How R
1 class LeNet6 (nn. Module) :

2 def init (self, ):

3 super (LeNet6, self). init ()
4 self. conv = nn. Sequential (

5 nn. Conv2d (1, 6, 5, padding=2),
6 nn. ReLU(),

7 nn. MaxPool2d (2, 2),

8 nn. Conv2d (6, 16, 5),

9 nn. ReLU(),

10 nn. MaxPool2d (2, 2))

11 self. fc = nn. Sequential (

12 nn. Flatten(),

13 nn. Linear (16 5 5, 120),
14 nn. ReLU(),

15 nn. Linear (120, 84),

16 nn. ReLU(),

17 nn. Linear (84, 64),

18 nn. ReLU(),

19 nn. Linear (64, 10) )

TR, BATHFHERKAE LeNets Ll Zx 3 21 ALESHULM 2 LeNet6 F2% 1
%o M LI LeNet6 HIE AT LAKH, tbt/RE R 22 7 — M aEz, Hi
BIHCE 2 RSB AW E 7AW, BIE, XFT LeNet6 ki A #e 2 H LeNet5
ML RTTH 4 )= R E S AL

3.52 IZEATHS#

FITiE S BB S 80048 12 s AN A R 2N i fan B A S S S B AR
Bt TR BERT A SCTRIZRAE RS bert_base_chinese[10]5R 1, FATZEFIH
B A& — 4 N pytorch_model.bin B SCH: o DRI B S0 FRATT 75 B2 X MY 4
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FRMIZEUT D, SR 5 FEHR YA LR A A 54 L EOB W aa A B T B S R 45
AL
FEXE, EEHATR LIRS LeNets BRI, 85 AR EE RS HIIME B -

1 model save path = os.path. join(./MODEL’, ’'model.pt’)
2 loaded paras = torch. load (model save path)

3 for param tensor in loaded paras:

4 print (param tensor, “\t”, loaded paras[param tensor].size())
5

6 #—— nEHHS

7 conv. 0. weight torch. Size([6, 1, 5, 5])

8 conv. 0. bias torch. Size ([6])

9 conv. 3. weight torch. Size ([16, 6, 5, 5])

10 conv. 3. bias torch. Size ([16])

11 fc. |.weight torch. Size ([120, 400])

12 fc. . bias torch. Size ([120])

13 fec. 3. weight torch. Size ([84, 120])

14 fc.3.bias torch. Size ([84])

15 §——— AN 5

16 fc.5H.weight torch. Size ([10, 84])

17 fc.5. bias torch. Size ([10])

[FIF, %F T LeNet6 W25 IS 4= B 9.

#

© 0~ O Ul B W N

I e T T S S T
~N O O B W N = O
= Hh b
o o O o

fe.

model = LeNet6 ()
for param tensor in model.state dict():

print (param tensor, “\t”, model.state dict() [param tensor].size())

conv.
conv.
conv.
fe.
fe.
fe.

l.

conv. 0. weight

0.bias
3. weight
3.bias
weight
.bias
.weight

.bias

.weight
.bias
.weight

.bias

torch. Size ([6, 1, 5, 5])

torch. Size ([6])

torch. Size ([16, 6, 5, 5])

torch. Size ([16])

torch. Size ([120, 400])
torch. Size ([120])

torch. Size ([84, 120])
torch. Size ([84])

BN 5)

torch. Size ([64, 84])
torch. Size ([64])

torch. Size ([10, 64])
torch. Size ([10])

R TRNIEEARMSEUE, NHEBT UK LeNets shEATH EZKNS 8%
UK, 285 P21 LeNet6 R 2%
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3.5.3 RENTEE D)

BARARHE N BT 24 (J:ﬁﬁﬁ@loaded paras) AR RAIIGALE S5 (-
[ ) model.state_dict()) #B&— s R, HRRATHA G B
nMﬂQOm$%ﬂ$§ﬁoLE%E%W@*&ﬁmﬂa%E@ﬁ
model.load_state_dict() 77 ¥2: K BB W1 A AL I 285 K1 240

ANy, AEIX ANk R Fh 3R AT T 7 2207 1 A A AR Y T AN AT S R )8 05, HARAR
Ban

1 def para state dict(model, model save dir):
state dict = deepcopy (model. state dict())
model save path = os.path. join(model save dir, ' model.pt’)
if os.path. exists(model save path):
loaded paras = torch. load (model save path)
for key in state dict: # TEHr AR R JJ) %) N S
if key in loaded paras and state dictlkey].size() ==

~N O O1 B W DN

loaded paraslkey]. size():
print ("RIWIBH %", key)
state dict[key] = loaded paras[key]

© o

10 return state dict

e FRARS B 2 AT IVE 2 e DU 4% (LeNet6) JRARISHL; 5 6-
9 1T A H A 28 (LeNets) Ha] LLE H 34> B 4febi LeNet6 Xt
RLER 4y, AR 7 AT A o] R Ak o TR R B R R AR AN R B O T O
R KT EeA—FE, R RSO Z B AR, (R EE —FEN.

Ba, BATAFEABRING A% RE, REEHVIMGIL LeNete
38 0 B E SR AT [12]:

1 state dict = para state dict(self.model, self.model save dir)
2 self.model. load state dict(state dict)

BRI, ISR P AH S B an T
IVIEE S5 conv. 0. weight
IS4 conv. 0. bias
BIVIEE S5 conv. 3. weight
RIS H: conv. 3. bias
WIhvitat % fe. 1. weight
Ik S8 fe. 1. bias
WIRIESH: fe. 3
RIIdESH: fe. 3. bias
wegt MDA CHER, BHATEMIIZ.
Epochs[O/d]———batch[QJB/O]———acc 0. 1094—1o0ss 2.512
Epochs[0/5]—batch[938/100]——acc 0.9375—1oss 0. 2141
Epochs[0/5]—batch[938/200]——acc 0.9219-—1oss 0. 2729

. weight

© 0 N O O1 » W DN o~

— = =
N = O
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13 Epochs[0/5]—batch[938/300]—acc 0. 8906—1oss 0. 2958

15 Epochs[0/5]—batch[938/900]—acc 0. 8906—1oss 0. 2828
16 Epochs[0/5]—acc on test 0.8808

ATEUREL, K2 100 4> batch 2 )&, BRI HER R AR T EoK T .
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F AT ET BERT MINGERN AT LIS

AT 1. 2 THAERNA, MHESMRENT BERT KRB DL & SEH
WRECEH 1 HBIEMT R . [, JRATEANE BERT J& — A5 K I 2
A, e T A HORAT T SRS 8E & A PRSP T oA . Bk, 4
THEF, EHEESNAE DT, E AR Rh T
BERT Tyl Zi i B A7 10
4.1 EFWEIRE

MR, T BERT SCAS R (MEMMZ SO, M2\ Had—
M) B R AR IR A6 1 BERT B J5 FEn b — A0 2R JZBIT, SRAUA 5 &
MEAESCEE[6] (J:T Transformer W7r2RBiAY) H N diHnt, REVLLER—T.
S, XFa2R)2 RN (Wt 254G BERT M) , BTSN NE BERT fi
H & R [CLSI BEXT TRy =B mr, UoRr PMEsChH e, Bl a6
BREMHMESE (I 243 TN, KECE S config.json H1 [ pooler_type B
WE N all_token_average"RiT])

R, X F5:F BERT [0 A4 BBk i o A iig BERT N, it
BRSNS L logits {E . #2 Rk,  FEAE T SRR R QAT A4 18 SCA 73 25
.

4.2 FIETALIE
B T Ak B 5 AR I A% B BertWithPretrained/utils/data_helper.py 1.
42.1 WIANTER

TEMIEEIREE Z A, BATTE 2o 75 BRI IR AR B MAZ KU T AR RN
SR JE A Rea A IR I B T 3. 7R BT ARATUOE], FET BERT MISCA S A A
HI N BL S T BERT AL RSN, [RIHARE 25 2 5 A B9 4H AT LLANE BERT
R E K 4-1 FR s

s (o) (o) () () ) ) ) ) ) )

Token

Embeddings E[CLS] Emv Edog Eis H Ecute E[SEP] Ehe Elikes Eplay Euing E[ssp]
-+ + + + + + -+ + - +* +

Segment

rocargs | Ea | [ Ea || B | [Ea | [ B ][ 6 || B | [ | [0 ] [ 6o || & |
- - - -+ - L -+ E - L -+

Position

moscargs | Bo || B || B |[ B || & ][ & J[ B ][ & J[ B ][ & || Eu]

[ 4-1. BERT HINE
0 T SR XN TR BN AT — 51, Fr AR e SR

IS fige T AN 7 4432 Segment Embedding %A, ELFEEBRE 408 0 RIW] (3L
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[6] % 2.24 TN ; [AKF, XFT Position Embedding i AT 375 N #AS
i E 0 AR E RN, UM TAEACRD SIS 248 1 AH BRI (R b 28 CRIRE D
WE[6]EF 2.2.4 FTNE) o

PRI, o T 3CA 3 X AN ok i, R s BRI SR AR YA B ) Token 51,
HAEH R BN E—/N[CLS)&F FI[SEPTFF1E A N BI AT .
422 1BRINA

FEIXEL,  JRATAE 2 A #8724 H Sk ST T80R — AN 1) o s A [13]
— L5 382688 SkHdE, 15 M. [EIN BEAE S AT g AL,
DL 7:2:1 LR 0 i 1 N ZREE . SR S ATIINRER 3 867 W R o /2 &8 7y
ZNEVEIEE
1 TAAEEHEMSE, SUERE™E | 4
2 10 RIS, 445, 12 WIRHE 10 A4 ! 11
3 EBABEFMERAE— NBA BB LU R U AW BRI SR h ESBI . (fEmAELL? 1 3
4 WEMELCHRERAHAE? | 2

Forp 1 ATy AR, e J5 T e S B 0 SSUA, I R AIRRRE
423 HIREMIT

AR, A I 4 dn oy g s i R 2 AT A 1 el id — sk R 17— TS

ERAE, DB ThEE, Aok, BanIATEIHER AR ST — A4
batch, J8-2 HAEA KR 1AL B RE U 40 B 4-2 Frs .

source sequence
ERNERZKRER, FREETEE.
RETERERRST, BTSSR
BETARARMZARLER, ZRRBETFEL .
ABRWEMGEA, HTHITFSHR

{'[PAD]>" 0, '[unused1]" 1, ..., ’;'.TS]’: 101, '[SEP]: 102...,
' 679, ..., B 1409, .}

T e e

[101, 1409, 679, 6224,7942,3777, 722,3717, 1921, 677, 3341,
8024, 1944, 3837, 1168, 3862, 679, 1908, 6820, 511, 102]
[101, 1372, 2607, 1352, 3983, 100, 5674, 5660, 8024, 6770, 679,
1220, 6387, 1914, 2687, 511, 102, 0, 0, 0, 0]

[F,F,F,F,F,F,F,F,FFFFFFFFFF, EF, @
4-2. NASEBEERERIZE

WK 4-2 fs, 315 ER IR BEEFEA AT 07 (tokenize) AbEE; 5
2 s FARYE tokenize J& IS5 R IE — 7 ik, ANELE(EH] BERT FUIZRI JF A
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FRATH RGN, BRI vocab.txt U #4187 SR AT,
BRI R vocab.txt HrEEAS = 12 51 45 T AR 4~ 1¥) Embedding [7]
B %R 5 3 HNRRIE 7 HUK tokenize J5 ISCAS 54y Token 7
H, [FIESAE Token 741 1 2 437 i _E[CLS)AI[SEP]FF 5, JF£it4T Padding. 2
4 35 NRARYE 26 3 A2 Ab P 5 () 45 5L AE ikt R Padding Mask [7) £ .

g, TEARRIYISRIT R 5 20K 55 3 5D FIEHE 4 S0 Ab 3 5 (25 S — e R 4 A Y B
Al

42.4 BiEELE

B 1. EX tokenize

5B 1 25 TR B IR K S N SR ) SCAS P 1) tokenize B A . XA
SCAE R R K A bR SRS AT . X, AT LA
transformers 45 /11 BertTokenizer 7513k 525, 1R Fis:

1 if name == main ’
2 model config = ModelConfig()
3 tokenizer = BertTokenizer. from pretrained(model config.
pretrained model dir). tokenize
4 print (tokenizer ("#FiLAMK, LEKKH, BATAREKRIL! 7))
5 print (tokenizer ("10 4ERTIIA R, D4 5. 12 BIKHME 10 "))
6
T UFE, W, A, THC, o K K i B A (Y = RN SN <
R, W, ]
&, 68, 00, 12, el i, TR,

8 # 10, 4, CHP, CHY, A, R, L,
W, L0, R, ]
E AR, 58 2-3 7Rt R IR 2 812 (BERT TR AL 8 4%)
FIRN AN AT, 5 7-8 478 12 tokenize G HUSEE .

82 BINAR

T BERT FIZEM P C4f | — Mg in R (vocab.txt) , FIIRAT
FANTE ZARYE & CHIERRE L — MR . B8, ARBRYE B SRR E
SAAEE, P AE R AT E SRR A vocab.txt 1R S E
SA—FE, MIXHS FEUG HARYE token id HUH SR M 2245 1= 1.

B2, AT T2 vocab.txt ) N AR SR T i — N R BRI AT, QRS
LURNF
1 class Vocab:

2 UNK = * [UNK]’

3 def init (self, vocab path):
4 self.stoi = {}

5 self.itos = []
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6 with open(vocab path, 'r’, encoding= utf-8 ) as f:
7 for i, word in enumerate (f):

8 w = word. strip( \n’)

9 self. stoilw] =

10 self. itos. append (w)

11

12 def getitem (self, token):

13 return self. stoi. get(token, self.stoi.get (Vocab. UNK))
14

15 def len (self):

16 return len(self. itos)

B ] LRE SL— N7 iR LA — ANl 3R
1 def build vocab(vocab path) :

2 return Vocab(vocab path)
3
4 if name == nmain

5 vocab = build vocab ()

g EIRAIS AR S, BAMERE @IS vocab.itos 52—, IR [A]H]
KA REE—NA; @IS vocab.itos[2]iR [FI15 2R R H X R R 5 AL E L AYiE; @il
vocab.stoi 15 2| — /7 4 ,ﬁﬁﬂﬁ¢t4ﬂM%ﬁ i3 vocab.stoi[' H ik [143
B A RO RG] I8 len(vocab) KR AR A . A~ 2 AL E
ﬁﬂ%%:

1 { [PAD]’ : 0, ’[unusedl]’ : 1, ’ [unused2]’ * [unused3]’ ,  [unused4]

2 ’ [unusedb]’ : 5,  [unused6]’ : 6, [unused?] 2 T, [unused8] 2 8,’[unused9]

3 7 [unused10]’ : 10, ’[unused11]’: 11, ’[unusedl12]’ : 12, ’[unusedl13]’: 13,

4’ [unused42]’ : 42, ....” % : 727, *&= . 728, 'E’: 729, *F : 730, ‘3% : 731
5 #1732, "k : 733, 27 : T34, T4 : 735, A 736, "z 737, T 738,
6 ’:739," % : ma’%’:rn/ﬁvz71' E:o 743, CE: 744, #): 745, ...}

BRI, BATHUR B € SC—AR, FFAERIIPI A A R AR SR I 2R TR R e T
SRS TR, ARSI

1 class LoadSingleSentenceClassificationDataset:
def init (self,
vocab_path="./vocab. txt’, #
tokenizer=None,
batch size=32,
max_sen len=None,
split sep="\n’,

max position embeddings=512,

© 0 N O O1 = W DN

pad_index=0,

[—
o

is sample shuffle=True) :
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11

12 self. tokenizer = tokenizer

13 self.vocab = build vocab (vocab path)

14 self.PAD IDX = pad index

15 self. SEP_IDX = self. vocab[’ [SEP]’ ]

16 self.CLS_IDX = self.vocab[’ [CLS] ]

17 self. batch size = batch size

28 self.split sep = split sep

19 self. max_position embeddings = max position_embeddings

20 if isinstance (max sen len, int) and max sen len >
max_position_embeddings:

23 max_sen len = max _position embeddings

24 self.max_sen len = max sen len

25 self.is sample shuffle = is sample shuffle

& ARG, 25 3 4T vocab_path /s A7) K 1) B 1% . 25 6 1T max_sen_len
FoRAREAKE, 4 max_sen_len=None i, BILL4FEA batch H g KkEAS K &
JkRdE, W HCEET padding: 24 max_sen_len = 'same'lsf, DLEEANHEEAE PR K
BEA NbRE, X HEHE4T padding: 24 max_sen_len =50,  Fon LA & K
FFREARHEAT padding, 2RI, %5 7 17 split_sep FnFEA HFrEE 2 1A K4 &
£F. is_sample_shuffle Fx2 GITHELEIRLE . 5 14-16 17 N E LI R F UG By
RFRFRIE S 2 19 474 max_position_embeddings NE KEAKE, &AAHN
512. % 20-23 172 F R AW i N B KFEARKE .

5 3 FHON Token 751

TEAF BRI F 5, 0] DUEE a0 R 5k s DI R4 B0 UESE AT
EE R0 Token J7 1), FHAE FH &K — A0 0E IR — AN A AR 4 = L 4 4 R 51 1)
B, FINR E A FEAR P R KA R . e an T

1 def data process(self, filepath):

2 raw iter = open(filepath, encoding="utf8”).readlines()

3 data = []

4 max len = 0

5 for raw in tqdm(raw iter, ncols=80):

6 line = raw. rstrip("\n”).split(self. split sep)

7 s, 1 = 1inel[0], line[!]

8 tmp = [self.CLS IDX] + [self.vocab[token] for token in

self. tokenizer(s) ]

9 if len(tmp) > self.max position embeddings — 1:
10 tmp = tmp[:self.max position embeddings - 1]
11 tmp += [self.SEP IDX]
12 tensor = torch. tensor (tmp, dtype=torch. long)
13 1 = torch. tensor (int (1), dtype=torch. long)
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14 max len = max(max len, tensor .size(0))
15 data. append ((tensor , 1))
16 return data, max len

fE LIRS, 58 6-7 470 /2 HORHUS SCARRIARES 55 8 AT N2 B et Fr o)
BEAT tokenize, SRJGFHEL Token F 3 FAE S A AN b 7> FbR EAL[CLS]. 55 9-
11 47 )5 F SR Token J7 31 34T 8, 52 max_position_embeddings > 7-4F
BN 512, JERIFEA AN [SEPI 5 . Avid B4R A A 5K B A IN[SEP]
WA E LI, FARXARZ B TIN5 14 170052 R K
FIIKE

FERLPRSE R SE , 4.2.2 T 4 DA S W R el an B .

1 tensor ([[101, 1283, 674, 679, 6206, 744, 4509, 6435, 5381,.., O, 0],
2 [101, 8108, 2399, 1184, 4638, 791, 2399, 8024, 5279,.., O, 0],
3 (101, 2582, 720, 4692, 2521, 3342, 3675, 1762, 671,..,8043, 102],
4 [101, 2785, 2128, 2025, 4374, 1964, 4638, 6756, 1730,.., O, 0]1)

5 torch. Size([39, 4])

M BT AR S R e LA 101 g [CLSHERER F R 546 &, 102 N2
[SEPIFEIR LIz 5] ek O {Hmh 2 tokenize J& ¥ SUA T 41 45 il 1) Token
JPHl. FR AT LAE M, XEMERZUE 3 MERMKE 39 X HEFEARET
padding [¥], JFH. padding [ Token ID }y 0. Uk, FIEFEATE RN BEREA K
padding AbE .

% 43 padding &35 mask

MEE 3 D E 45 R B, 7EX R IR SCA R 1) tokenize #:4: 4 Token ID J5it
TN AT padding AEER . T 3% — &b B I FE AT DU 40 AR 2K 58 K

1 def pad sequence (sequences, batch first=False, max len=None, padding value=0) :

2 if max len is None:

3 max_len = max([s.size(0) for s in sequences])

4 out tensors = []

5 for tensor in sequences:

6 if tensor.size(0) < max len:

7 tensor = torch. cat([tensor, torch. tensor ([padding value]
(max_len — tensor.size(0)))], dim=0)

8 else:

9 tensor = tensor[:max len]

10 out_tensors. append (tensor)

11 out tensors = torch. stack (out tensors, dim=1)

12 if batch first:

13 return out tensors. transpose (0, 1)

14 return out_tensors
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1E BRI A, 55 14T sequences Y1 padding ) FFFI T4 I B1IEE, Her )
F—MNILEN—EEA Token F°41; batch_first #7542 75K batch_size iX A4 4
FERESS 17> max_len RoRFEE AN THIKSE, 2 max_len=50 K}, FRxLUE
A E K EXAEAREAT padding 2R #EE, 4 max_len=None 7R L2 HT
batch F i K REAS K B2 5 e #E 4T padding . 5 2-3 47 F SR 3R padding HOK S
5% 5-11 47 W2k i B —> Token ¥ %1, R4 max_len ki 4T padding. £ 12-13
1T /&% batch_size 1% ™4 03 B¢ B T

W A R -

if name == main ’

a = torch. tensor([1, 2, 3])
5 6, 7, 81)

torch. tensor ([9, 10])

= pad sequence([a, b, c], max len=None).size()

# torch. Size([5, 3])

e, FATTHEE LA T7ERN A batch 1) Token #4147 padding
Ab3E

o
|

= torch. tensor ([4,

S O > W N
Q. 0
Il

1 def generate batch(self, data batch):

2 batch sentence, batch label = [], []

3 for (sen, label) in data batch:

4 batch sentence. append (sen)

5 batch label. append(label)

6 batch sentence = pad sequence (batch sentence,

7 padding value=self.PAD IDX,
8 batch first=False,

9 max len=self.max sen len)
10 batch label = torch. tensor (batch label, dtype=torch. long)
11 return batch sentence, batch label

EIRARAD 1 F w2 55 24N bateh [ Token /741 #E47 padding 4bFE .

G, WTH—F5K) attention_mask A1, FrATH 52 b H 2
padding_value { R LS X — 4558, ] WL 5 5w {4 FH R
% 5. #i& Dataloade 51 Rl

ST 4 B ERAE, BAEEENHERERCAREATHR T, RTER
Fi& —A™ DataLoader iE/RZSHI AT, AR 40T -

/

BT

1 def load train val test data(self, train file path=None,
2 val file path=None,

3 test file path=None,

4 only test=False):

5 test data, = self.data process(test file path)
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6 test iter = Dataloader (test data, batch size=self.batch size
7 shuffle=False
collate fn=self. generate batch)
8 if only test:
9 return test iter
10 train data, max sen len = self.data process(train file path)
11 if self.max sen len == same :
12 self.max_sen_len = max_sen len
13 val data, _ = self.data process(val file path)
14 train iter = Dataloader (train data, batch size=self.batch size
15 shuffle=self. is sample shuffle,
collate fn=self. generate batch)
16 val iter = Dataloader(val data, batch size=self.batch size
17 shuffle=False, collate fn=self. generate batch)
18 return train iter, test iter, val iter

FE EIRAAG 5 5-7 47 HISRAS 2 FUAL B 5 () 8 J#43& %) R 1Y) Dataloader
Horh generate_batch #AEA— NS4 N RXTREAS batch FIFEANEAT 403 28 8-9
A7 75 FOR IR A s [RIEE, 28 10-18 47 M2 FH SR A4 3 AH LR I SR S A EG
IEAE . fE5E B2 LoadSingleSentenceClassificationDataset i f 4w i i A2 )5, {8 n]
Pl o kAT A -

1 from Tasks. TaskForSingleSentenceClassification import ModelConfig

2 from utils. data helpers import LoadSingleSentenceClassificationDataset

3 from transformers import BertTokenizer

4
5 if name == main ’
6 model config = ModelConfig()
7 tokenizer= BertTokenizer. from pretrained(
model config. pretrained model dir). tokenize
load dataset = LoadSingleSentenceClassificationDataset (

vocab path=model config.vocab path,
10 tokenizer=tokenizer,
11 batch size=model config. batch size,
12 max_sen len—model config.max sen len,
13 split sep=model config. split sep,
14 max position embeddings=model config.max position embeddings
15 pad_index=model config.pad token id
16 is sample shuffle=model config.is sample shuffle)
17
18 train iter, test iter, val iter = \
19 load dataset. load train val test data(model config.train file path,
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20 model config.val file path,

21 model config. test file path)
22 for sample, label in train iter:

23 print (sample. shape) # [seq len, batch size]

24 print (sample. transpose (0, 1))

25 padding mask = (sample == load dataset.PAD IDX).transpose(0, 1)

26 print (padding mask)

27 print (label)

28 break

e ERAREH, 2B 6 AT RMARLESE . B 7 17258 — tokenizer. 5
8-16 1T LI EAE R AN R o 5 18-21 TR FIVIZRAE . M LFILEIE S (1
IEARES; B 22-27 47 & 1R batch FIFEA

PAT 5 HIRAAS 5 R DS 20 R s B 45 2R -

1 torch.Size([39, 4])

2 tensor ([[ 101, 1283, 674, 679, 6206, ... 7028, 102, ... ,0, 0, 0],
S -

4 D

5 tensor ([[False, False, False, False,False, ..., False,... True, True, Truel],
6 -

7 D

8 tensor([ 4,...7])

B, TR EGERME R AR RN HE T, BN RENERE
AR AR NI SR AR Y AT SR

4.3 TR IRE

TEN PRI 2 7T, AV RE B URATE R — MR S G B4
FLEL LA K2 A3 4T o T T KR Ak LA huggingface JFi ) Py Torch 1)1l 25 ) bert-base-chinese
B S [10] B EAT 21

43.1 BERERESY

EHE3ITARY, REEHECERENA 7 Wi PyTorch Kz BUNINEL
PEARL S, (H R IX B IH A 2 D bert-base-chinese ZHUN B FEE4T — R VEULIA -
RYEEE 3.2 TTNAERI AT A, FATAT LUEE R 07 Aok BB A A b 1) 248
IR
1 import torch
2 loaded paras = torch. load(’. /pytorch model.bin")

3 print (type (loaded paras))
4 print (len(list (loaded paras. keys())))
5 print (1ist (loaded paras. keys()))

PAT5E LIRS R, AT DS BT o AR
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Ol = W DD~

~N O

© o

2
3
4
5
6
7

0

10
11
12
13
14
15
16
17
18
19
20
21
22

<class ’collections. OrderedDict’ >

20

7

[’ bert. embeddings. word embeddings. weight’,

b
b

H = = " O " = = =T =T =T =T =T =

ert. embeddings. position embeddings. weight’,

ert. embeddings. token type embeddings.weight’,

" bert. encoder. layer. 11. output. dense. bias’,

ert. encoder. layer. 11. output. LayerNorm. gamma’,

ert. encoder. layer. 11. output. LayerNorm. beta’, .. ... ]

T B H 45 S AT LAE B, 23 pytorch_model.bin ##ENJE2E K T — A
J¥ )78 OrderedDict, Jf HH A —ILF 207 N2, HATF5 R FIRFH
FANTCER. H—B, WATERT L SN SHERITEN R E —F -

1 for name in loaded paras. keys():
print (f"### Z%¢: (name}, ¥4k : {loaded paras[name].size()}”)

Z¥:bert.
Z¥:bert.
Z¥:bert.
Z¥j:bert.

embeddings. word embeddings. weight, JE¥k: torch. Size ([21128, 768])
embeddings. position embeddings. weight, J¢#k: torch. Size ([512, 768])
embeddings. token type embeddings. weight, 4k torch. Size ([2, 768])
embeddings. LayerNorm. gamma, JE4k: torch. Size ([768])

¥ :bert. encoder. layer. 11. output. dense. weight, 44k : torch. Size ([768, 3072])
¥ :bert. encoder. layer. 11. output. dense. bias, #R: torch. Size ([768])

¥ :bert. encoder. layer. 11. output. LayerNorm. gamma, J£4k : torch. Size ([768])
¥ :bert. encoder. layer. 11. output. LayerNorm. beta, #4k: torch. Size ([768])

Z4i:bert.
Z4i:bert.
ZH:cls.
ZH:cls.
ZH.cls.
2. cls.
ZH.cls.
ZH.cls.
ZH.cls.

Z4:.cls.

predictions.
predictions.
predictions.
predictions.
predictions.

predictions.

pooler. dense. weight, #:4k: torch. Size ([768, 768])
pooler. dense. bias, JEik: torch. Size ([768])

bias, Fk: torch. Size ([21128])

transform. dense. weight, JE4k: torch. Size ([768, 768])
transform. dense. bias, JE4k: torch. Size ([768])
transform. LayerNorm. gamma, JE4k: torch. Size ([768])
transform. LayerNorm. beta, JE4k: torch. Size ([768])
decoder. weight, #:4k: torch. Size ([21128, 768])

seq relationship. weight, J¥4k: torch. Size ([2, 768])
seq relationship. bias, JEtk:torch. Size ([2])

FIAE, AL R LESAT BN AN SRR RE . AN X B AT 2ot
LAEA FH AT ER
B, XA SHNE S e 1. A EER eI R B O
R BRI D RIR T B SIS N I 2 8UE B
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4.3.2 FAFHIRIL

T 2 NAT, B L VEGRHAN S T T Se s BERT #E AL, (H 2 5%)
T U RN O SECRYIA N 4 R S EOE RN B (TEE At S HOT R 3 —
ASERIBA 2 7T, B T8 BR800z 4, FRATIE 7 208 W 2% 1 S 40
GREWITENHRE —F, DMERE —— XN .

1 json file = .. /bert base chinese/config. json’
2 config = BertConfig. from json file(json file)
3 bert model = BertModel (config)

4 print ("\n ======= BertMolde Z%{: ===—==—===")
5 print (len(bert model. state dict()))

6 for param tensor in bert model.state dict():

7 print (param tensor, “\t”, bert model.state dict() [param tensor].size())
FEPAT 58 FRARS f5, (AT LIS 20 i R 45
2 200
3 # bert embeddings.position ids torch.Size([1, 512])
4 # bert embeddings.word embeddings. embedding. weight torch. Size([21128, 768])
5 # bert embeddings. position embeddings. embedding. weight torch.Size ([512, 768])
6 # bert embeddings. token type embeddings. embedding. weight torch. Size ([2, 768])

]

bert encoder.bert layers. 11.bert output. dense. bias  torch.Size([768])

© o

bert encoder. bert layers. 11.bert output.LayerNorm. weight torch. Size ([768])

11 # bert pooler. dense. weight torch. Size ([768, 768])

#
#
10 # bert encoder.bert layers. 11.bert output.LayerNorm. bias  torch.Size ([768])
#
12 # bert pooler. dense.bias  torch.Size ([768])

M TR L 45 AT LR T, BertMolde —3EF 200 N3k, 1M bert-base-
chinese —3:A5 207 N4, X H 7T EFE M 2E BertMolde B4 H1#) position_ids
ENSHHAA R P TFENLGN S, RE—NBIANVIGE. &5, 290

(W ——3TXT L) 5 &I bert-base-chinese F1F% T /511 8 NS LI4L, H
R 199 NS UM BertMolde #5871 199 NS H— k¢ HIBF 1 — 4.

Rlt, f o FeAlTm] LLE I 7E BertMolde 28 (Bert.py SCEH) dr i —

TH/RBIJT2K F bert-base-chinese 1 1241464k BertMolde H (1244

1 @classmethod

2 def from pretrained(cls, config, pretrained model dir=None) :
3 model = cls(config)

4 pretrained model path = os. path. join(pretrained model dir,

“pytorch model.bin”)
loaded paras = torch. load (pretrained model path)

o O

state dict = deepcopy (model. state dict())
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loaded paras names = list(loaded paras. keys()) [:-8]
model paras names = list(state dict.keys())[1:]
for i in range (len(loaded paras names)):
10 state dict[model paras names[i]] =
loaded paras[loaded paras names[i]]
11 logging. info (f” I 2% {1oaded paras names![i]}IR{EZS
{model paras names[i]}”)
12 model. load state dict(state dict)
13 return model

78 EiRARES 5 34T RAIIEALERETAY, cls AR SEFILIIXT R, B —AN A SEfp
1L17) BertModel X 55 25 4-5 17 R #E A A HI [ bert-base-chinese Z%i; 28 6 1T
Fik#5 Il —1 BertModel H IS5, 31X 2 R 9 RATTETE: B S o B T 1
5 7-10 A7 R ARHE AT L AT, K bert-base-chinese HH ) 2 £ 3|
state_dict #'; 2 12 172 H state_dict H IS HCERYILG L BertModel H 1540

e, AR TR E a0 77 A AT PR [a]— Nk bert-base-chinese #)4f
1Lt BERT H%.

1 bert = BertModel. from pretrained(config, bert pretrained model dir)

YR, WMHRART ERG R P EREESHAZS GRS, BamTLhdEd R
ean T A BARRE R AT W B
1 for para in bert model. parameters() :

2 if xxxx:

3 para. requires grad = False

B, XFEREABUIGEAFINEBGE RN AH5E 1, 3T RAEERATIERIEA
FFET BERT MU ZRERL A SO R 50

4.4 ARG
4.4.1 HIEERE

TEN A B ANE] p AT AR AHE BERT TSR AL f5, 4 T RIRATE Je E i
Al A SISO A 2 BT AL R FE . 40 2-4 FiTaR, 7E BertForSentenceClassifica
tion.py SCAEHT,  FRATIE IS & U — MR T8 AN FT AR R T AR
1 from ..BasicBert.Bert import BertModel

2 import torch.nn as nn
3 class BertForSentenceClassification (nn. Module) :

4 def init (self, config, bert pretrained model dir=None):
5 super (BertForSentenceClassification, self). init ()

6 self.num labels = config.num labels

7 if bert pretrained model dir is not None:
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8 self.bert = BertModel. from pretrained(config,
bert pretrained model dir)
9 else:
10 self.bert = BertModel (config)
11 self. dropout = nn.Dropout (config. hidden dropout prob)
12 self.classifier = nn.Linear (config. hidden size, self.num labels)

78RR, 55 4 47 A 40 Sl ie FH ki e A 28 TC BB R PN S 2 (1) B A 5
55 7-10 A7ARAS I I kg L —A> BERT 54, ] LA 2140 S I 2R AL 1 % 4%
AFAEN] 2338 [A]—/N HH bert-base-chinese Z ¥ 4H1L f5 11 BERT A2, N £ iR
[l —ANBENLYIAA L S0 BERT B8, 28 12 472 2 SURJE K2

s AN AT AR R I SEBLARAD 4 BiToR

1 def forward(self, input_ids, # [src len, batch size]

2 attention mask=None, # [batch size, src len]

3 token type ids=None, # [src len, batch size]

4 position ids=None, # [1, src len]

5 labels=None) : # [batch size, |

6 pooled output, = self.bert(input ids=input ids

7 attention mask=attention mask,

8 token type ids=token type ids

9 position ids=position ids)

10 pooled output = self. dropout (pooled output)

11 logits = self.classifier(pooled output) # [batch size, num label]
12 if labels is not None:

13 loss fct = nn. CrossEntropyLoss ()

14 loss = loss fct(logits. view(-1, self. num labels), labels. view(-1))
15 return loss, logits

16 else:

17 return logits

£ EdR AR, 2 6-9 7RI Z R4 BERT M4 K, H
pooled_output 4 BERT % 1 My E KA ELE — M EERENES R, 5B 24
Z¥2 BERT AL BRI E; 55 10-11 176 2 R T SUAR B 02K 2
55 12-17 47 W12 A R FI TR (B 453 RABIE A2 32 [H] logits 18 -

4.4.2 1EEN)IZ%

i 2-5 fras, FATHAE Tasks Hx F#rid—4~4 N TaskForSingleSentenceC
lassification.py FIASEHRR 78 B 53 S Y B A I ZRAE 55

B, AT EAE A g L— ModelConfig 2R X} 73 A i v (1) 8 S Bt
ITER, ARSWR PR

1 class ModelConfig:
2 def init (self):
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3 self.project _dir =
os. path. dirname (os. path. dirname (os. path. abspath(_ file )))
4 self. dataset dir = os. path. join(
self.project dir, ’data’, ’SingleSentenceClassification’)
5 self. pretrained model dir = os.path. join(

self.project dir, “bert base chinese”)
self. vocab path=os. path. join(self. pretrained model dir, ’vocab. txt’)
self. device = torch. device( cuda: 0’

if torch. cuda. is available() else ’cpu’)

8 self. train file path =

os. path. join(self. dataset dir, toutiao train.txt’)
9 self.val file path =

os. path. join(self. dataset dir, ’toutiao val.txt’)
10 self. test file path =

os. path. join(self. dataset dir, ’toutiao test.txt’)
11 self.model save dir = os.path. join(self.project dir, ’cache’)
12 self. logs save dir = os. path. join(self.project dir, ’logs’)
13 self.split sep =~ !’
14 self.is sample shuffle = True
15 self. batch size = 64
16 self.max_sen len = None
17 self. num labels = 15
18 self. epochs = 10
19 self. model val per epoch = 2
20 logger init(log file name= single’, log level=logging. INFO
21 log dir=self. logs save dir)
22 if not os.path. exists(self.model save dir):
23 os.makedirs (self.model save dir)
24
25 # EJRLG bert FRIELE S HH SR
26 bert config path =

os. path. join(self. pretrained model dir, “config. json”)

27 bert config = BertConfig. from json file(bert config path)
28 for key, value in bert config. dict .items():
29 self. dict [key] = value
30 logging. info (" ### K 4RTHECEATENRIH & XFF )
31 for key, value in self. dict .items():
32 logging. info (f"### {key} = {value}”)

7E_EIRARRS 5 2-23 47 M2 43 0l FH R e OB i — S5l L H 3% S
O HEFTEIZEEE; 28 25-29 1T 2% 546 bert_base_chinese ft & 1,
R config.json ({12 $ 0 5 N 325 ModelConfig H; £ 31-32 172K Fr A5 ()48
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SHBCEE O FHTEN R H S5 a8 i, E2 kT HEMAR AT BLZ
TN [14]
e BATA F 2 A train() pRHOK 58 R AL AU ZRED AT, ARG 40 R -

1 def train(config):

2 model = BertForSentenceClassification(config,

3 config. pretrained model dir)

4 #.....

5 optimizer = torch. optim. Adam(model. parameters(), lr=5e-5)

6 model. train ()

7 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
8 data loader = LoadSingleSentenceClassificationDataset (

9 vocab_path=config. vocab path,

10 tokenizer=tokenizer. tokenize,

11 batch _size=config.batch size,

12 max_sen_len=config.max_sen len,

13 split_sep=config. split_sep,

14 max_position_embeddings=config. max position_embeddings,
15 pad index=config. pad token id)

16 train iter, test iter, val iter = data loader. load train val test data(
17 config. train file path, config.val file path, config. test file path)
18 max_acc = 0

19 for epoch in range (config. epochs) :
20 losses = 0
21 start time = time. time ()
22 for idx, (sample, label) in enumerate (train iter):
23 sample = sample. to(config. device) # [src len, batch size]
24 label = label. to(config. device)
25 padding mask = (sample == data loader.PAD IDX). transpose (0, 1)
26 loss, logits = model (input ids=sample,
27 attention mask=padding mask,
28 token type ids=None,
29 position ids=None,
30 labels=label)
31 B,
32 acc = (logits. argmax (1) == label). float().mean()
33 Bo.o.......
34 if (epoch + 1) % config.model save per epoch == 0:
35 acc = evaluate(val iter, model, config.device)
36 logging. info (f”Accuracy on val {acc:.3f}”)
37 B
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£ ERAHEH, 5 2-3 4T FRAIG L — 3T BERT [SCA I, 5 8-
17 47 BN N B E a5 58 19-36 47 AR ()l Zid 78, S8 BBk
e 2 6], FEAE AR P EET T PR TERE .

RHE, nLhaE Ry HOREHT R R 2k

1 if name == main ’
2 model config = ModelConfig()
3 train(model config)

U R M 2% Y FR 73 I R 2R -

1 — INFO: Epoch: 0, Batch[0/4186], Train loss :2.862, Train acc: 0. 125

2 — INFO: Epoch: 0, Batch[10/4186], Train loss :2.084, Train acc: 0. 562

3 — INFO: Epoch: 0, Batch[20/4186], Train loss :1.136, Train acc: 0.812

4 —— INFO: Epoch: 0, Batch[30/4186], Train loss :1.000, Train acc: 0.734

B oo

6 — INFO: Epoch: 0, Batch[4180/4186], Train loss :0.418, Train acc: 0.875
7 — INFO: Epoch: 0, Train loss: 0.481, Epoch time = 1123. 244s

8 ...

9 — INFO: Epoch: 9, Batch[4180/4186], Train loss :0. 102, Train acc: 0.984
10 —— INFO: Epoch: 9, Train loss: 0. 100, Epoch time = 1130.071s

11 — INFO: Accurcay on val 0.884

12 — INFO: Accurcay on test 0. 888
443 1RBIHEIE
TESE AR R I St F2 Ja 488 RT DU Il i R A OR A AR Y FH AT 55 O

s, KL SEILER W ILER %, AR EZIEE 33 TTAE T4
Jr BT, HARAR SEHn T

1 def inference(config):

2 model = BertForSentenceClassification(config,

3 config. pretrained model dir)
4 model save path = os.path. join(config. model save dir, 'model.pt’)
5 if os. path. exists(model save path):

6 loaded paras = torch. load (model save path)

7 model. load state dict(loaded paras)

8 logging. info ("## RIHEANCARAL, HEATHU. ... .. )

9 model = model. to(config. device)

10 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
11 data loader = LoadSingleSentenceClassificationDataset (

12 vocab_path=config. vocab_path,

13 tokenizer=tokenizer. tokenize,

14 batch size=config. batch size,

15 max_sen_ len=config.max_sen len,

16 split_sep=config. split_sep,
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@
17 max_position_embeddings=config.max position embeddings,
18 pad_index=config. pad token id,
19 is sample shuffle=config. is sample shuffle)
20 train iter, test iter, val iter = data loader. load train val test data(
21 config. train file path, config. val file path, config. test file path)
22 acc = evaluate(test iter,model, config. device, data loader.PAD IDX)
23 logging. info(f”Acc on test: {acc:.3f}”)

fE FIRARES Y, B 2-3 4T R FR S — AN SO AR 2 4-8 AT B
ARHAETY SR FE V1AL th IS4 58 11-20 AT 2 BT a2 s s 28
22 A7 RIR IR GAR B RAERR R, G IRAE SERR G Ol AT DA I R SR AT
P

[FJIF, AR AER R A LI R A0 S B
1 def evaluate(data iter, model, device, PAD IDX):
model. eval ()
with torch.no grad():

acc_sum, n = 0.0, 0

for x, vy in data_iter:

X, v = x.to(device), vy.to(device)
padding mask = (x == PAD IDX). transpose(0, 1)
logits = model (x, attention mask=padding mask)

© 0 N O O1 » W DN

acc_sum += (logits.argmax(l) == y).float().sum().item()

—
o

n += len(y)

—_
—_

model. train()

—
\]

return acc _sum / n

SheE, bl W R oy ORI T A B HE T A
1 if name ==’ nmain
2 model config = ModelConfig()
3 inference (model config)

Bl T RSO ARG T o 7T AR, RS
IBUTESCAR S S4TSRV AN]SR AT 25, 317 BERT
TR 2R A2 )
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$F 5% EF BERT MR PN AEESES

215 A TNERNE, HERZON T U A H BERT Il ZRB A Sk 3k 4T 5
ARG R IVARRFE CEH T ROIEWIN. 498 BERT [WEE 1 BRI A IET
I, FUIEX TN A, ENBSNAE 2 A MRS RIAS S, BT
BERT Tl Il - 84K 58 U AR 2R 2 (CUARXN 328 (155
5.1 {ESHEIRIE

TR SCA S 73 48 R 3 A2 TR IR 25 A8 R A N PR )3, R i LEASE R SRy o ) 135
Z IR FR, BT ERAS R T — N SCAR RS . [FR, ST58 1AMES
Y BB SOER, RIIAESE 2 Mg sch AT 2 OB TR 1X
FEET KXW E R 4R

SR, HET BERT MISCARZE SAT S RIS 4 5 R BB SUAR 3 R S5 A
R EEAAEFIAR, SAEHRN—ANUARTFIEAT 2. R BERT LAY M)
B, SURKS 9 AT S AR B 45 b s ik 2 vh 75 B ik Segment Embedding SR [X
SRR E IR S, B ANA) T2 8 75 ZiE il —ANSEP] 5 kAT 4,
DRI AR T PR 25 A Co sl A T T ) 5 4

MEERER, SUARX M AT S B TEBL AN bR AR T, HEHh s
ARG FAES—F, FEE IR G — ZR[CLSIME#1T 7K. Tk, #
B S R A AR A R S AR A R R R 4

5.2 HIRFRALIE

5.2.1 BMIANE

T 15 SCASN 73 AR S X M st P R B NS AN T 81, DR e 2 2
P AR A AR AAY FE B 3E4T Token Embedding #:4F,  [F] b B 9§ AN 7 51 36 4T
Segment Embedding #£1E. %}T Position Embedding St fEAE [ 15 T # A 75 22
SPHAR RN, FORIRA AR SEIL S D25 1 AH S ER AR Ak 3

PRI, 6F T SCAS 43 SIX AN 3 55 R vl A 5 2R Pl 75 () VI 2 B 7 22 S8 IO A 8
B OF EAIE R IGSCARXS NI Token 741, S8 575 & AU N _E—/NMCLS] 4,
PR 781 TR UL S BEA e 51 (R R BB 40 ) B 0B — AN [SEPIRT s ORIFEMIAN 71 &
[ A P A 2 — N 2460[0,0,0,....,1,1,1,... ] token_type_ids [ fE. )5 ¥ miE 2
VE AR (5 N RITT

522 1IBERINE

EXE, FRAVMEHIRZ2 1L CH 2K MNLI (The Multi-Genre Natural
Language Inference Corpus, 22888 F ARG FHEHBHRE) ARG S HEBHESEIR
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fE[3]. WHlEZERTHE (premise) iEAJARE Chypothesis) &), E%mﬁ%
{7 AT=REIp @A@u(%QAWMMm),5@&%%<%E,wWMMMD
SE P EHEA (L, neutral)

UF B A8 A2 S A 7 A 5 IR P A RE AR

1 {”annotator labels”: [“entailment”, ”neutral”, “entailment”, “neutral”

2 “entailment”], “genre”: oup”,”gold label”: “entailment”, “pairID”: ”82890e”,

3 “promptID”: 7828907, ”sentencel”: ” From Home Work to Modern Manufacture”,

4 ”sentencel binary parse”: ”( From ( ( Home Work ) ( to ( Modern
Manufacture ) ) ) )7 ...7,

5 ”“sentencel parse”: “(ROOT (PP (IN From) (NP (NP (NNP Home) (NNP Work)) (PP
(TO to) (NP (NNP Modern)...”,

6 “sentence2”: “Modern manufacturing has changed over time.”,

7 “sentence2 binary parse”: “( ( Modern manufacturing ) ( ( has ( ....7,
8 ”sentence2 parse”: 7(ROOT (S (NP (NNP Modern) (NN manufacturing)) (VP ...” }

9 {”annotator labels”: [“neutral”, “neutral”, “entailment”, “neutral”

10 “neutral”], “genre”:”nineeleven”, “gold label”: “neutral”, “pairID”: ”716525n”,

11 “promptID”: “16525”, “sentencel”: “They were promptly executed.”

12 “sentencel binary parse”: “( They ( ( were ( promptly executed ) ) . ) )7,

13 ”“sentencel parse”: “(ROOT (S (NP (PRP They)) (VP (VBD were) (VP (ADVP (RB
not) (RB only)) (VBD earned) ...7,

14 ”“sentence2”: "They were executed immediately upon capture.”,

15 “sentence2 binary parse”: “( They ( ( were ( ( executed immediately apparent
(nor why the item is ...”,

16 ”“sentence2 parse”: “(ROOT (S (NP (PRP They)) (VP (VBD were) (VP (VBN called)

(NP (NP (DT &) (JJ floppy))...”"}

HH T2 2R AR R n] T HeAE 55, BRIk 73R4 R A& ™
M) FANREEZ AN, H BN FRIEEMENT SIS X E, TE0E R
Ja R EZHATIE ) format.py A BRI ARG R 4G 248 R o B 275 . B iuE S A
MAREE o Ak 5 B T2 =R R Fs
1 From Home Work to Modern Manufacture ! Modern manufacturing has changed over

time. ! 1
2 They were promptly executed. ! They were executed immediately upon

capture. ! 2
TATR LA AN G R EaE T 8RS M g2 Rl
5.2.3 HIREMI
[FIRE, 7 I 248 ey A 8 i 4 2w FRA 1 Se @ — sk R Tl — T B

ke, DMEMELO A E. BB AR T —4 batch, 84
FEA BRI AL B RN & 5-1 Fros

7]
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source sequence

From Home Work to Modern Manufacture ! Modern
manufacturing has changed over time.

They were promptly executed. ! They were executed
immediately upon capture.

from home work to modern manufacture . modern
manufacturing has changed over time they '/ >te
promptly executed immediately upon <iipture

|
®

{'[PAD]" 0, 'Tunused0]": 1, junusedl]'" 2, '[unused2]':
3, ...,'[CLS]" 101, [SEP]: 102....2106, 'such': 2107,
'being': 2108, 'used': 2109,

@

& |[101, 2013, 2188, 2147, 2000, 2715, 9922, 102, 2715,
= |5814, 2038, 2904, 2058, 2051, 1012, 102],

3 [[101, 2027, 2020, 13364, 6472, 1012, 102, 2027, 2020,

£ |6472, 3202, 2588, 5425, 1012, 102, 0]

V) o oo o o o e o o o - —— — o — — —— — — — — — — — —

c B
£ ¢ 1[0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,1] f%
2 $]10,0,0,0,0,0,0,1,1,1,1, 1, 1,1, 1,0]

6, __—~—ooTmmmmmTTTRIRTIOTTT

€ @ |[F,F.FFFFFFFFFFEFEFF,F]

& € |[F,F.F,FFFFFFFFFFFF,T]

©

5-1. XA 7L BIRELIERIZE

WK 5-1 fis, 3 102N R A EERFEA AT 4010 (tokenize) Kb¥HE; 25
2 0 FEARYE tokenize J5 &5 MG — N, A AEMTH BERT Tl ZRI AT
ERATH CRMEZ AT, B AR IR ) vocab.txt SO A4iE
LRI, RO A vocab.txt W AR B R LT A F IR AR Y A
Embedding & ——Xf M. 25 3 25 N2 HE - 4K tokenize & I SCAR T 41 46
4 Token id 741, [FlI7£ Token id /341 k24 AL B N F[CLS], ZEMANF 412 18]
PLI AN R AR B2 L [SEPIfF 5, JF#E4T Padding. 2 4. 5 ZNZMRHES 3
5 AL TR i 0 45 520 ) A2 ot ) token types ids A attention mask [f] & .

BJn, ERARIYIZGN RBEEE 3. 4 F1 5 5 Ab3 5 (R 45 5 — e M 2 R 7 3t
1T INZRRITT
5.2.4 BIEREWE
F 1 X tokenize

5 1 20 7 2 50 U RS K i N3 SR I SUA R 8] tokenize BRI, 0T
SCUE ] B U A0 A2 A A B AR RS 13 55 23 T o AN T LA (1) b B 7 =45 FH 21 (7).
JE— PRy WordPiece frJabFE 5. fEIXH, FRATATLAE A transformers £ 911

BertTokenizer J7 1R 5E 1, 7~
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1 from transformers import BertTokenizer
2 model name = ’../bert base uncased english’
3 tokenizer = BertTokenizer. from pretrained(model name)
4 r = tokenizer. tokenize ("From Home Work to Modern Manufacture. Modern
manufacturing has changed over time.”)
5 print (r)
6 [ from, home’, 'work’, 'to, 'modern’, ’manufacture’, ’.’, ‘modern’,
"manufacturing’, ' has’, ’changed’, ’over’, ’time’, . ]
7E EaRAAS 5 2-3 ATl R R s e 2 1 pg 1T (BERT Tl ZREAL K841
KA A tokenize AL 5 6 171H 2 tokenize J5 45 H .
[FI), X6 F— 2371 WordPiece 20K HL 7 o i & B 354
1 r = tokenizer. tokenize (“huggingface”)
2 print (r)
3 [’ hugging’, #tface’ ]

F2H: BILAR

HiF BERT HIZ M ey 17— esEia R (vocab.txt) , PIAT
HATE ZARYE B CHIERRE L — MR . B8, ARRBRYE B iRk E
SR, PO R ) AAESRAT E SRR AR R A vocab.txt HER SRS E
DA, MIXHE FEUG HARYE token id HUH SR M 2245 1R 1.

BE—5, FATATEEAH vocab.txt o B P A B EUHERIE B — SR R RITAT . 3X
IS F 2 4.2.2 i pAHTE, Bt DU AR I B A ERR .

BB AT LLE N7 R SE B — AN 3=
1 def build vocab(vocab path) :

2 return Vocab (vocab path)
3
4 if name ==’ main

5 vocab = build vocab ()

fegeid EIRACAD ARG, BAMERERIEIT vocab.itos 135 —ANF1%K, IR [l
KR WE— A, s vocab itos[2]3k [ 45 2 iA] & F o N 2R 51 AL B E )R]l
vocab.stoi 75 | — A~ i, Elﬂ?\ztljt/l\ﬂ [f)225]; @it vocab.stoi['good ik =]
B3R F o MR R 51 @I len(vocab) iR [mIRF MK . W M E RS
E@ﬁﬂi&:

1 { [PAD]’ : 0, ’ [unused0]’ : [unusedl] [unused2] .., [CLSY :
" [SEP]’ : 102,...,21(6, >such’ : 2107, belng . 2108, used’: 2109
“state’ 12110, ' people’ : 2111, ’part’ : 2112, 'know : 2113, ’against’ : 2114,
“your’ : 2115, ’many : 2116, 'second : 2117, 'university : 2118, ’'both’: 2119,
‘national’ : 2120, ’##ter’ : 2121, ’these’: 2122, ’don’ : 2123, ’known’ : 2124
Toff’: 2125, ‘way : 2126, ‘until’: 2127, ’re’: 2128, 'how’ : 2129, ...}
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BEy, FRATHLHR EE L2, IFAERM A AR AR I SR 78 il
SRS AR, ARSI
1 class LoadPairSentenceClassificationDataset (
LoadSingleSentenceClassificationDataset) :
def init (self, kwargs):
super (LoadPairSentenceClassificationDataset, self). init (kwargs)

4 pass

FHF7EE 4 715 0 5 SO 43 g S rp G SE B 7 208 S b AN A2 0 AR
Fr ABRANT7E X B B4k 7K LoadSingleSentenceClassificationDataset iX /M2, 4R
J& Fi 5 B ) data_process() Al generate_batch() 7Bl ], e 7 A&
55 335 FHR Token FF31

EARIM RN F IS, ] CLEE W TR IS USRI AR %
el Token 741

1 def data process(self, filepath):

2 raw iter = open(filepath).readlines()

5 data = []

4 max_len = 0

5 for raw in tqdm(raw iter, ncols=80):

6 line = raw. rstrip("\n”). split(self. split sep)

7 sl, s2, 1 = line[0], line[l], linel2]

8 tokenl = [self.vocab[token] for token in self. tokenizer (s1) ]
9 token2 = [self.vocab[token] for token in self. tokenizer (s2) ]
10 tmp = [self.CLS IDX] + tokenl + [self.SEP IDX] + token2
11 if len(tmp) > self.max position embeddings — 1:
12 tmp = tmp[:self.max position embeddings - 1]
13 tmp += [self.SEP IDX]
14 segl = [0] (len(tokenl) + 2)
15 seg?2 = [1] (len(tmp) - len(segl))
16 segs = torch. tensor (segl + seg2, dtype=torch. long)
17 tensor = torch. tensor (tmp, dtype=torch. long)
18 1 = torch. tensor (int (1), dtype=torch. long)
19 max len = max(max len, tensor .size(0))
20 data. append ((tensor , segs, 1))
21 return data, max len

£ EIRARD T, 5 6-7 AT AR FRIUE SCARIBRAE ;s 4 8-9 T2 2 A P
JF 51 s1 1 s2 B 45 Ry 25 o nt 82 ) Tokens 58 10-13 47 WK B AR B P BT K,
FEAERBIRIT a0 L [CLSIFT S, FEPIAN T A2 18] RN E[SEPIAT 55 55 14-
16 17 ) /& #4373 3] Segment Embedding FrAaI A il &, 3 14 47 L 2 R[CLS]
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A [E] [P [SEPDX PRAN = 4F s 55 17-20 A7 N2 3519 205 L REA S, B3
Token Embedding )% A . Segment Embedding (1% A PA K BSEANBE A S B FRIFR 25 o
ERFRSERR G, 55 5.2 T 2 AMFEAK S i 4 i n 7 X

1 tensor ([[ 101, 2013, 2188, 2147, 2000, 2715, 9922, 102, 2715, 5814,
2 2038, 2904, 2058, 2051, 1012,  102],

3 [ 101, 2027, 2020, 13364, 6472, 1012, 102, 2027, 2020, 6472,
4 3202, 2588, 5425, 1012, 102, 0]11)

5 torch.Size([2, 16])

6 tensor([[0, 0, 0, 0, 0, 0, O, O, 1, 1, 1, 1, 1, 1, 1, 1],

7 fo, o, o, 0,0, 0,0, 1, 1, 1, 1, 1, 1, 1, 1, 01D

M AR AT DAE Y, 101 w2 [CLSIHE IR R P &R I AL E, 102 )52
[SEPITEI R H IR 5 HedE 0 {Hit 2 tokenize J& IISCAT HIl 445 /511 Token
. RN AT LAE H, X B D 1 AR EE 16 X282 MEAET
padding [, 5% H. padding f Token ID A 0. AT LA B, % T X6 R 46 ) SCAS ) Token
43T Padding #b, i 752X Segment Embedding )% A\ 47 Padding.

KL, R HEERA TSR A AAEA ) padding 4bEE

% 4 5. padding 4 5 mask

MEE 3B RAE H, FEX GG SCA 741 tokenize #4504 Token id J5 ik
B H AT padding AbFE. X TIX— b ES PR EMAEATH SR 4.2.4 W&
Wit T, XEMAHER.

=2, FRAVTEE E L—NT7RA A batch (1) Token J¥%1i#47 padding
AbFE

1 def generate batch(self, data batch):

2 batch sentence, batch seg, batch label = [], [1, []

3 for (sen, seg, label) in data batch: # Xf—4 batch s FEA ST kb2,
4 batch sentence. append (sen)

5 batch seg. append((seg))

6 batch label. append(label)

7 batch sentence = pad sequence (batch sentence, # [batch size, max len]
8 padding value=self.PAD IDX,

9 batch first=False,

10 max_len=self.max sen len) #[max len, batch size]
11 batch seg = pad sequence(batch seg, # [batch size, max len]

12 padding value=self.PAD IDX,

13 batch first=False,

14 max_len=self.max sen len)# [max len, batch size]
15 batch label = torch. tensor (batch label, dtype=torch. long)

16 return batch _sentence, batch seg, batch label
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IR ARED A F it A2 64 bateh f) Token Embedding i A\ 541 P & Segment
Embedding % A\ #E47 padding 4b B 3 [ I 3% [R] bR

WG, X THR—FFR attention_mask A&, ATHFEHMHZB%T
padding_value {A] LA#3 21X — 25 5, BAR AT WL T [ i 48 A 7~ 1] o
%55 i DatalLoade 54 ~H

I 4 AR, BASEENERER CEREATH T, ARER
#Ji—> DataLoader IEACZSRI AT o FH T IX RS [FIZE 4.2.4 Fih FAHIA], FAE
XA EEIA

7 58 2 LoadPairSentenceClassificationDataset AT 1 4mfidid 72 5 , {# v] LLiE
i an AT

1 from Tasks. TaskForPairSentenceClassification import ModelConfig

2 from utils. data helpers import LoadPairSentenceClassificationDataset
3 from transformers import BertTokenizer

4

5 if name == main ’

6 config = ModelConfig()

7 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
8 load dataset = LoadPairSentenceClassificationDataset (

9 vocab_path=config. vocab path,

10 tokenizer=tokenizer. tokenize,

11 batch size=config. batch size,

12 max_sen_ len=config.max sen len,

13 split_sep=config. split_sep,

14 max_position_embeddings=config. max position embeddings

15 pad_index=config. pad token id,

16 is sample shuffle=config. is sample shuffle)

17

18 train iter, test iter, val iter = \

19 load dataset. load train val test data(config. train file path,
20 config.val file path,
21 config. test file path)
22 for sample, seg, label in train iter:

23 print (sample. shape) # [seq len, batch size]

24 print (sample. transpose(0, 1)) # [batch size, seq len]

25 padding mask = (sample == load dataset.PAD IDX). transpose (0, 1)
26 print (padding mask. shape)

27 print (label. shape)

28 print (seg. shape) # [seq len, batch size]

29 print (label) # [batch size, ]

30 print (seg. transpose (0, 1))

31 break
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AT 58 EIRACRS J5 {3 a) DAFF B0 F Fros i g5 2R .

torch. Size ([16, 2])
tensor ([[ 101, 2013, 2188, 2147, 2000, 2715, 9922, 102, 2715, 5814,
2038, 2904, 2058, 2051, 1012, 1021,
[ 101, 2027, 2020, 13364, 6472, 1012, 102, 2027, 2020, 6472,
3202, 2588, 5425, 1012, 102, 0l1)

torch. Size ([2, 16])

torch. Size ([2])

torch. Size ([16, 2])

tensor ([1, 2])

tensor ([[0, 0, O, O, O, O, O, O, 1, 1, 1, 1, 1, 1, 1, 11,
11 (o, o, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0]1])

53 XARER

5.3.1 HIE{RHE

WNEEAEAES 5.1 TTNE RN BIIRE, TR CURE S 5 FATS AR
AR AT A SRR A, R X B E A A DownstreamTasks H 3% H (1)
BertForSentenceClassification.py #iEeEIa] . [N, T X ARSI NBES 4.1.1
Wil 7, rVEEAX B A REOR .

5.3.2 #=E9)IZ

BE—0, X PRI Zd Bk i, AT ZEAE Tasks H 3 (AN 2-5 fros)
N — 44y TaskForPairSentenceClassification.py HIAREL R 58 i LA} 73 54
PR NZAE S

B, AT € L —> ModelConfig &k} 70 FEBIAL b (1 S 80 AT 5 2,
AL B

1 class ModelConfig:
2 def init (self):

3 self. project dir = os.path. dirname (

© 0 N O U1 & W N

—
o

os. path. dirname (os. path. abspath(_ file )))

4 self. dataset dir = os.path. join(self.project dir, ' data’,
*PairSentenceClassification’ )
5 self. pretrained model dir = os.path. join(self.project dir,

“"bert base uncased english”)
self. vocab path=os. path. join(self. pretrained model dir, ’vocab. txt’)
self. device = torch. device( cuda:(’

if torch. cuda. is available() else ’cpu’)
self. train file path = os.path. join(self. dataset dir, ’train.txt’)
self.val file path = os.path. join(self.dataset dir, ’val.txt’)
10 self. test file path = os.path. join(self. dataset dir, ’test.txt )
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11 self.model save dir = os.path. join(self.project dir, ’cache’)
12 self. logs save dir = os. path. join(self.project dir, ’logs’)
13 self.split sep =~ !’

14 self.is sample shuffle = True

15 self. batch size = 16

16 self.max sen len = None

17 self.num labels = 3

18 self. epochs = 10

19 self.model val per epoch = 2

20 logger init(log file name= pair’, log level=logging. INFO,
21 log dir=self. logs save dir)

22 if not os.path. exists(self.model save dir):

23 os.makedirs (self.model save dir)

24

25 config path = os.path. join(self. pretrained model dir, “config. json”)
26 bert config = BertConfig. from json file(config path)

27 for key, value in bert config. dict .items():

28 self. dict [key] = value

29 logging. info (" ### ¥4 RIMC BT ENFI H AL+ 7)

30 for key, value in self. dict .items():

31 logging. info (f”###t {key} = {value}”)

7E EaRARS 5 2-23 47 W2 43 0 R XA A i) — Lol AR H oL S
BRIt H EFTEISREE; 28 25-28 1744 i 46 bert_base_uncased_english At
B0, B config.json 124t 5 A 312K ModelConfig H; 5 31-33 17 1] 2 #
B B8 2400 B DL — [FIHT Ep 2 H &Sk

a, BATATFEERE LA train() & EOk 76 AR N ZRRIAT . T IX &
S ARHSIE 4.4.2 FREERENR, B DLEM X AR, KRR AT LA E ML
I H oA
5.3.3 1RBIHEIE

ARSI FART R HEFLER 20 [F] 4.4.3 BASCAR S B Aty N LT R
Fir AR AE X AN EER, KRRV ULE#ES 0 H R

Bk, X5 2 MET BERT M ZMER K SUARE SESZ N A% 1. £
— T NEH, FEAE A E AT AE ) R BT 5 (RIS — A fr] AR DY AN B T Lk
BRLER PR AN —NESR) Yt Pl BERT FIZA A A0 .
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%26 ETF BERT #iI&4EEH) SWAG i£FES

e AL A E A, ARERZN T BERT BB R C&f 1
RN AN 7 AR BRI F55R, ARG SCE T AR 2 4
T BERT WA AL ZE 3 A M AL 55375, B AN 5 G2 () B #4155 . P
T 17 5 38 348 A A (R IR 25 A R g N — > Tr) ORI T I 25 56 i e A T
MGG TE IR TR S — N e A4 6 1A U AR Y 25 5 o T T A T AT TN % B A K
X AR ?

HWHARYL, £ NLP SURAIIR 2 5 5t R B a P A B2 — 038
155, BRI ERERAL. Bl SORG SRS L SEHUE R A 7 I P
—kd, ARSI TR S s HE TR X 1 B A AR Y R RE . SCARAE K
S8 AUl TR R R N T RE LA, I 2 SRS et A2 1R R Y
Ko BRI, WA _E SR AR ST A48 1 ) 5 A 55 LA K AE i RS A 4 1 i)
(8] AT 55 HL S RS — A>3 AR5, 1T DB AR 1t 7 A - G ] g S A AR 1 g A AT
o

6.1 ESWIERIE

IEAIATT T, 0T 25 50 A5 3 KU LA LA IFT T DA 85 4943
KAL%, FUR ST TR EEE M5 DL S e . T ) XA
Sk, HEAEIRINE 6-1 i

Question: The people are in robes. They,
A) are wearing colorful costumes.
B) are doing karate moves on the floor.
C) shake hands on their hips.
D) do a flip to the bag.

ot ||

[CLS] The people are in robes. They, [SEP] are wearing coloriul costumes. [SEP]

[CLS] The people are in robes. They, [SEP] are doing karate moves on the floor. [SEP]
[CLS] The people are in roke =. They, [SEP] shake hands on their hips. [SEP]

[CLS] The people are ir. icbes. They, [SEP] do a flip to the bag. [SEP]

R ES;%ﬁfﬁiﬂﬂfﬁﬁféﬁ JVL
C BERT Model )
( FC & Softmax >

& 6-1. [OZEIEF/RIEE]
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WK 6-1 ffrs, & —NJET BERT FliIl 2R Y () PU %k — 1) 25 e B AL ) J5 7
Blo IWEIFRRT LA B, R GEER 8 o — A I A DY AN IR T, 4873 55 A
e MIAN IR T 25 I A BRI — A, FREBARR T —AMNMUS AT . FiF, #
AR A N 1 77 ORI R DR 4 I R g — A R AP A R A B — A7 51 R 1]
F[SEPIFF S RaTF, SRJG F2r WA N2 BERT B ch E 4745 A 42 HUAS 3] PUANFRAE
[n] AR N [4,hidden_size], #Ja &R — AN IZ AT /3 SRAL BRAS 21 I S 10
B — PRI, B E T X B ARRERR 2 BT 54 BERT 4t /5
fK)[CLS] I & .

Bk, ST R RPN F RSB R T, N JeRE
EH R

6.2 BIRFRALIE

6.2.1 AN

TRAE S 6.1 TIN5 T im) B AT 45 R B 2 M N AB 2 AN 4
— 2 HH [ R ANIE X AN ) 1 4 (1) Token 7541, I H 75 BAE AN A) 71
TG E N E—/NCLSIFF 5, LA (AR 2 2 43 il i E—AN[SEPIFF 5
/& Segment Embedding #7 FIfI A, A T#E WA F R ER . S aE M
HE T 4 N BT

IR, X EFHEFERNL, BANT BERT MA@+ NET” #
FRTE B2 —MEAS, (R RATER G HAR AR i, 302 R “ ) i+ Y
AT BN, SRIE AR NS 2 W AEAR TR s RLF TR o

6.2.2 1IBRNE

FEIX B, AT 2218 b Frig 2] SWAG (The Situations With
Adversarial Generations ) H#E4E[16][17], EI4A € —MER (AR e —a) 3
B, AR SRR G E 1 DY AN I 5 S s A AT R — A .

W BT 5 72 350 5 B 4 7 491 5 «

1 ,video—id, fold—ind, startphrase, sentl, sent2, gold—source, ending0, endingl,
ending2, ending3, label

2 0,anetv NttjvRpSdsI, 19391, The people are in robes. They, The people are in
robes. , They, gold, are wearing colorful costumes., are doing karate moves on the
floor., shake hands on their hips.,do a flip to the bag., 0

3 1, 1smdc3057 ROBIN HOOD-27684, 16344, She smirks at someone and rides off.
He, She smirks at someone and rides off., He, gold, smiles and falls
heavily., wears a bashful smile., kneels down behind her., gives him a playful

glance., |
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1), FRATIX BLFEE A B A2 sentl,ending0,endingl,ending2,ending3,label iX 6
MFB BIRT8 — ARk, HOER T

1 The people are in robes. They

2 A) wearing colorful costumes. # IFAfiki
3 B) are doing karate moves on the floor.
4 () shake hands on their hips.
5 D) do a flip to the bag.
A, BT ZEdRSE DA 728 luk S AINAAE GRAFRE ki,
B UL JE SR TR A T 2k Fah k4 7.

6.2.3 BIREM

FIRE, 2 IR S R A F i A SR 2 AT 3R 1S IE I — kDR 7 i — R AR
BOERRE . RAFRA TR AR B 7 —4> batch, R4 LA KHE K
AL FE N AN & 6-2 Firo o

The people are in robes. They, She smirks at someone and rides off. He
A) are wearing colorful costumes. A) smiles and falls heavily.
B) are doing karate moves on the flocr. B) wears a bashful smile.
C) shake hands on their hips. C) kneels down behind her.
D) do a flip to the bag. D) gives him a playful glance.

OFMHE L

i[CLS] The people are in robes. They, [SEP] are wearing colorful costumes. [SEP]
i[CLS] The people are in robes. They, [SEP] are doing karate moves on the floor. [SEP]
|[CLS] The people are in robes. They, [SEP] shake hands on their hips. [SEP]

{[CLS] The people are in robes. They, [SEP] do a flip to the bag. [SEP]

{[CLS] She smirks at someone and rides off. He [SEP] smiles and falls heavily. [SEP]
|

1[CLS] She smirks at someone and rides off. He [SEP] wears a bashful smile. [SEP]

i[CLS] She smirks at someone and rides off. He [SEP] kneels down behind her. [SEP]

L[CLS] She smirks at someone and rides off. He [SEP] gives him a playful glance. [SEP]

e — e e

1[101, 1996, 2111, ....., 2027, 102, 2024, 4147, ..., 102, O, O, O, O]

|

|
1101, 1996, 2111, ..., 2027, 102, 2024, 2725, ..., 1996, 2723, 1012, 102, 0l
[101, 1996, 2111, ....., 2027, 102, 6073, 2398, ..., 2006, 102, 0O, O, O]
(101, 1996, 2111, ....., 2027, 102, 2079, 1037, ..., 200, 1012, 102, O, O]
[101, 2016,15081,2012, 2619, ... , 102, 8451,1998, 4112, 4600, 1012, 102, O]
1[101, 2016,15081,2015, 2012, ... , 102, 11651, 1037,24234, 3993, 2868,1012, 102] |
1[101, 2016,15081,2015, 2012, ...... , 102, 6181, 4877, 2091, 2369, 2014, 1012, 102]!
(101, 2016,15081,2015, 2012, ... : 102,3957,2032,1037,18378,6054,1012,1ozﬂ

[batch_size, num_choice, seq_len]
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@Reshape @

_________________________________________________________________________

(101, 1996, 2111, ....., 2027, 102, 2024, 4147, ..., 102, O, 0, 0, 0]
1[101, 1996, 2111, ....., 2027, 102, 2024, 2725, ..., 1996, 2723, 1012, 102, O]
'[101, 1996, 2111, ....., 2027, 102, 6073, 2398, ..., 2006, 102, 0, 0, 0]
(101, 1996, 2111, ....., 2027, 102, 2079, 1037, ...., 200, 1012, 102, 0, O
[[101, 2016,15081,2012, 2619, ..., 102, 8451,1998, 4112, 4600, 1012, 102, O
(101, 2016,15081,2015, 2012, ... , 102, 11651, 1037,24234, 3993, 2868,1012, 102]|
1[101, 2016,15081,2015, 2012, ... , 102, 6181, 4877, 2091, 2369, 2014, 1012, 102]!
:L[1o1, 2016,15081,2015, 2012, ..., 102, 3957, 2032, 1037, 18378, 6054, 1012, 102];

( VR BERT Model )

feature 0 ) ( feature 1 feature 2 ( feature 3

[batch[ size*num_choice, Hidden_size]
A A

< FC & Softmax >

[batch_size, num_choice]

v

6-2. [EEEFHEENERIZE

WK 6-2 s, &4 TG MR (—AN @R PIANIETD , 7
BN 1) R R A E DR —BAIE BN 4 NP FI RN X R 43 875 [CLS]
My EAF[SEP], BRI SRS HMFEA . BiaE T 2R OP s S 201 F
H| #4455 Token id 353347 padding #b3, JIHMEEF] T — AR M[batch_size,
num_choice, seq_len] i) 3 4EFE 1%, BRI 6-2 128 2 25 AL 58 il TEAR 9[2,4,19]1H
SR, RN, FEEE@P Rk EARYE AN 7 21 A 16 15 2AH B attention_mask 1] &
A token_types_ids [ & C(E R mEH) , FF H B B IR A 2 [batch_size,
num_choice, seq_len].

HIRAE K @5 AP 5 1 45 AR il [oatch_sizenum_choice, seq_len] ) 2 4
B, BN BERT BEAU N S8 & — /N 4E 36 FE . /24T BERT AAY
ITRHEARBUG , B4 155 — MR N[batch_sizenum_choice, hidden_size]# 2 445
[, 55 FEale _E—AN IR [hidden_size, 1]/ %E 5 548 7 ik [batch_size, num_choice]
BPAT 58 BN 4 KA S5
6.2.4 BiBREMIE

FEULSE BR ARG R EE S IS, I T AT 1k > 1 G B SIS0 A H 4 B 1)
MR AR, X T2 TAL EE 58 7 AT AT A4R B2 4k 7K 2 Ji SCA 73 SR AL A IX
A2 LoadSingleSentenceClassificationDataset, #& J& PR A& 2L b i 3843 7 32 R
A, [FR, HFERTPIREI[3] [4]7 E 40k tokenize il #4402 25 N 254 1
N2, B AR N RS TR
F 1. EWEEAR Tokenize
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© 0 N O O1 & W DN

e e e e e T
N O O W NN = O

18
19

20

21

22

23

24
25
26
27
28
29
30
31

WK 6-2 AIRAZFTRN, 75 BN R UG AE AR AT S0 DL S 415 B BN 7 41050
% ff) Token id, T4 5627 data_process() /7120 3k i S i3 B ai s -

1 class LoadMultipleChoiceDataset (LoadSingleSentenceClassificationDataset) :

def

def

~ init  (self, num choice=4, kwargs):

super (LoadMultipleChoiceDataset, self). init (kwargs)

self. num choice = num choice

data process(self, filepath):
data = pd. read csv(filepath)
questions = datal startphrase’ ]
answers0, answersl = data[ ending0’ ], data[’ endingl’ ]
answers?, answers3 = data[ ending2’ ], data[’ ending3’ ]
labels = [-1] len(questions)
if ’label’ in data:
labels = datal[’ label’ ]
all data = []
max_len = 0
for i in tqdm(range (len(questions)), ncols=80) :
t q = [self.vocab[token] for token in
self. tokenizer (questions[i])]
t q = [self.CLS IDX] + t g + [self.SEP IDX]
t a0 = [self.vocab[token] for token in
self. tokenizer (answersO[i]) ]
t al = [self.vocab[token] for token in

self. tokenizer (answersl[i])]

t a2 = [self.vocab[token] for token in
self. tokenizer (answers2[i])]
t a3 = [self.vocab[token] for token in

self. tokenizer (answers3[i]) ]
max len = max(max len,
len(t q) + max(len(t a0), len(t al), len(t a2), len(t a3)))
seg q = [0] len(t_q)

seg a0 = [1] (len(t a0) + 1)
seg al = [1] (len(t al) + 1)
seg a2 = [1] (len(t a2) + 1)
seg a3 = [1] (len(t a3) + 1)

all data.append((t g, t a0, t al, t a2, t a3, seg g,
seg a0, seg al, seg a2, seg a3, labels[il]))

return all data, max len

E_ RIS, 56 1-4 47 T4k 2 BT HY LoadSingleSentenceClassificationDa
taset 25 DL LS I —AN B 23 num_choice ik /& 70 2550, 55 7-10 47 AR 4E S
A i A7 SR TS 5 63 B S 420 I B AR ) AN 52 o B 11-13 A7 U2 FH SR A
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S AR IERARRAS, PONINASE T A S EH IR . 5 15 17 max_len & FH R IRAE
HHEEPRKFIINKE. 5 16 178 MBI R P — A ] @ DL AR R (1)
BR; B 17-18 4T K IR AR In) REAR AR 17 3R e 4 0 LI Token id,  [AEF7E 2 1R 47
B Am L [CLSIFI[SEP]FF 55 28 19-23 47 A2 43 W4 R 1n) FUR B 1) 4 AN 1R T
Xt R Token id, PLRARAFIRKTFFIKE; 285 24-28 1772 FH R A I8 % B 1)
token_type_ids [Al5; 5 29-30 17/ 73 Al B — AN R R LA SO0 R 4 AN T Ak 2
J (P48 R RAT AR [l i J R &5

EE, XBLEAFEEANFAR X 4 A ERHEAITHE,

% 2. $HELS padding

7 b TR AS 3455 0] K ok R 16 T3 fY) Token ids AT token_type ids J&, & X —
A~ generate_batch() /7 X4 batch H R HF 421 padding Ab3E, RSaR:

1 def generate batch(self, data batch):

2 batch ga, batch seg, batch label = [], [], []

3

4 def get seq(q, a):

) seq = q + a

6 if len(seq) > self.max position embeddings — 1:

7 seq = seql:self. max position embeddings — 1]

8 return torch. tensor (seq + [self.SEP IDX], dtype=torch. long)

9

10 for item in data batch:

11 tmp_qa = [get seq(item[0], item[1]), get seq(item[0], item[2]),
12 get seq(item[0], item[3]), get seq(item[0], item[4])]
13 tmp seg = [torch. tensor(item[5] + item[6], dtype=torch. long),
14 torch. tensor (item[5] + item[7], dtype=torch. long),
15 torch. tensor (item[5] + item[8], dtype=torch. long),
16 torch. tensor (item[5] + item[9], dtype=torch. long)]
17 batch ga. extend (tmp qa)

18 batch seg. extend(tmp seg)

19 batch label. append (item[-1])
20 batch ga = pad sequence (batch ga, padding value=self.PAD IDX,
21 batch first=True, max len=self.max sen len)
22 batch mask = (batch ga == self.PAD IDX). view(
23 [-1, self.num choice, batch qa.size(-1)])
24 batch ga = batch qa.view([-1, self.num choice, batch qa.size(-1)])
25 batch seg = pad sequence (batch seg, padding value=self.PAD IDX,

26 batch first=True, max len=self.max sen len)
27 batch seg = batch seg.view([-1, self.num choice, batch seg.size(-1)])
28 batch label = torch. tensor (batch label, dtype=torch. long)

29 return batch qga, batch seg, batch mask, batch label
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7E ERARAS A, 2 4-8 47 get_seq() 7 v T AR AR AE N K )& Token id
2 Token id BHES ] — AN 5851 Token id, K58 5 158 2 34T A Ak
o 5 11-12 AT AN R R 530 5 XS R ) 4 AMETUEATPHE . 5 13-16 172
53 IR E A3 B REAS 0] R -5 FORE R 4 AN AT B token_type_ids 7] & 55 17-
19 17 R RS Batch FIEREAKLEIAT IS5 T . 5 20-28 4T 23 &AM AT
padding Bl AL T 55 LS B0 R AR 4N, B Jo A B 4E I J5 batch_ga. batch_seq
Al batch_mask F 4 15 y[batch_size, num_choice, src_len], batch_label FFEAR A
[batch_size,]-
£ 35 ERRH

TR EIRAN IR 5, BAEIEENHERE R A EARTH 7, L
I AR AT R R SR N -

1 from utils. data_helpers import LoadMultipleChoiceDataset

2 from Tasks. TaskForMultipleChoice import ModelConfig
3 from transformers import BertTokenizer

4

5 if name == main ’

6 config = ModelConfig()

7 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
8 load dataset = LoadMultipleChoiceDataset (vocab path=config. vocab path,
9 tokenizer=tokenizer. tokenize, batch size=2, max sen len=None,
10 max position embeddings=512, pad index=0, is sample shuffle=False,
11 num_choice=model config.num labels)

12 train iter, test iter, val iter = \

13 load dataset. load train val test data(model config.train file path,
14 model config.val file path,
15 model config. test file path)
16 for qa, seg, mask, label in test iter:

17 print (7 ### input ids:”)

18 print (ga. shape) # [batch size, num choice, max len]

19 print (qal0])

20 print (” ### attention mask:”)

21 print (mask. shape) # [batch size, num choice, max len]

22 print (mask[0])

23 print (7 ### token type ids:”)

24 print (seg. shape) # [batch size, num choice, max len]

25 print (seg[0])

26 print (label. shape) # [batch size]

27 trans to words(qal[0], load dataset.vocab. itos)

28 break

EIRACHIZAT 45 5K = ISR Frn 45 2R -
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10

12
13
14
15
17
19
21
23
24
25
26
27
28
29

30

3!

32

###t input ids: torch.Size([2, 4, 22])

tensor ([[101, 1996, 2111, 2024, 1999, 17925, 1012, 2027, 102, 2024,
4147, 14231, 12703, 1012, 102, 0, 0, 0, 0, 0,
0, 0],
[101, 1996, 2111, 2024, 1999, 17925, 1012, 2027, 102, 2024,
2725, 16894, 5829, 2006, 1996, 2723, 1012, 102, 0, 0,
0, 0],
[101, 1996, 2111, 2024, 1999, 17925, 1012, 2027, 102, 6073,
2398, 2006, 2037, 6700, 1012, 102, 0, 0, 0, 0,
0, 01,
[101, 1996, 2111, 2024, 1999, 17925, 1012, 2027, 102, 2079,
1037, 11238, 2000, 1996, 4524, 1012, 102, 0, 0, 0,
0, 011)
### attention mask: torch.Size([2, 4, 22])
tensor ([[False, False,...... , True, True, True, True, True, True, Truel],
[False, False,...... ,False, False, False, True, True, True, Truel],
[False, False,...... ,False, True, True, True, True, True, Truel,
[False, False,...... ,False, False, True, True, True, True, True]])

###t token type ids: torch.Size([2, 4, 22])

tensor ([[0, 0, 0, 0, 0, 0, 0, 0, O, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0],
fo, o, 0o, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0],
fo, o, 0o, 0, 0, 0, 0,0, 0, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0],
fo, o, 0o, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0]])

torch. Size([2]) Question and Answer:

[CLS] the people are in robes . they [SEP] are wearing colorful costumes
[SEP] [PAD] [PAD] [PAD] [PAD] [PAD] [PAD] [PAD]

[CLS] the people are in robes . they [SEP] are doing karate moves on the
floor . [SEP] [PAD] [PAD] [PAD] [PAD]

[CLS] the people are in robes . they [SEP] shake hands on their hips . [SEP]
[PAD] [PAD] [PAD] [PAD] [PAD] [PAD]

[CLS] the people are in robes . they [SEP] do a flip to the bag . [SEP]
[PAD] [PAD] [PAD] [PAD] [PAD]

£ EIREE R, Hrp S 29-32 17 iR Y Token id FHFHON 7145 & Ja (145
B, S FREMGEROEREREM AT T, T ER IRk S 21 2

BRI SR B 25
6.3 IEIFEES

6.3.1 HIE{RE

LN 6.2 WA/, BATR 75 BAE R 4G BERT SAYILAL - Fpn—4>

IYSREHIET, BRI A AR B St bR S B I 24 R, TE
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BertForMultipleChoice.py 3CfFH, & 262w L — MR LA SAH BRI U 4k ek 5
R

1 from ..BasicBert.Bert import BertModel

2 import torch.nn as nn

3
4 class BertForMultipleChoice (nn. Module) :
5 def init (self, config, bert pretrained model dir=None):
6 super (BertForMultipleChoice, self). init ()
7 self. num_choice = config. num labels
8 if bert pretrained model dir is not None:
9 self.bert = BertModel. from pretrained(config,
bert pretrained model dir)
10 else:
11 self.bert = BertModel (config)
12 self. dropout = nn.Dropout (config. hidden dropout prob)
13 self.classifier = nn.Linear (config. hidden size, 1)

FE RS, 2 8-11 A7 AR AR N (1) 5% A3k [B]— A~ BERT #&41, 5 13
TR E LT — k.
IR G I8 SOE AN AT BRI AR, AR T
def forward(self, input ids,

attention mask=None,

token_ type ids=None,

1

2

3

4 position_ ids=None,
5 labels=None) :

6 flat input ids=input ids.view(-1, input ids.size(~1)). transpose(0, 1)
7 flat token type ids=token type ids.view(-1, token type ids.size (-

1)). transpose (0, 1)

8 flat attention mask=attention mask.view(-1, token type ids.size(-1))
9 pooled output, = self.bert(

10 flat input_ids, # [src len, batch size#num choice]

11 flat attention mask, # [batch size*num choice, src len]

12 flat token type ids, # [src len, batch size*num choice]

13 position ids=position ids)

14 pooled output = self. dropout (pooled output)

15 logits = self.classifier (pooled output) # [batch size*num choice, 1]
16 shaped logits = logits. view(=1, self.num choice)

17 if labels is not None:

18 loss fct = nn. CrossEntropyLoss ()

19 loss = loss fct(shaped logits, labels.view(-1))

20 return loss, shaped logits

21 else:

22 return shaped logits
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7E ERARAS . 5 6-8 4T T8 3 4EMIHNAR L 2 AN (a2 K 6-2
HEEG) , X2ERF N BERT Bt i N X2 P AR . R  AR  75 22
Wt sre_len IXANEREE T B AT . 55 9-13 472 i JF 4R 1) BERT HiAIHHL
BEVEFNTH] RIS AL AR — AN R )7 51, BT 6-2 1550
BRI —1T) FIRHMERR, %2R M[batch_size*num_choice, hidden_size].
55 15-16 1T /2 Jeidb AT 70 AN B, S8 5 T AL T AR B REA 1] R0 B2 T34 0T logits
18, ot IR Nlbatch_size, num_choice]. & 17-22 47 & MR 4 AH N 1 30 i 4% A
IR 8] 457 2K 57 logits fH

6.3.2 =814

T, nlE 2-5 FiontE Tasks Hig F#rgE—A> 44 TaskForMultipleChoice.py
[rAsEER, SR 5 € L—1 ModelConfig kx4 B A o (1) 2 2 UL J Hoe A gk
ITE . WS ANT Frs

1 class ModelConfig:
2 def init (self):
3 self.project dir =
os. path. dirname (os. path. dirname (os. path. abspath(  file )))
4 self. dataset _dir =
os. path. join(self.project dir, ’data’, ’MultipleChoice’)
5 self. pretrained model dir =
os. path. join(self. project dir, “bert base uncased english”)
self. vocab path=os. path. join(self. pretrained model dir, ’vocab. txt’)
self. device = torch. device(’ cuda:(’

if torch. cuda. is available() else 'cpu’)

8 self. train file path = os.path. join(self. dataset dir, ' train.csv’)
9 self.val file path = os.path. join(self.dataset dir, ’val.csv’)

10 self. test file path = os.path. join(self. dataset dir, ' test.csv’ )
11 self.model save dir = os.path. join(self.project dir, ’cache’)

12 self. logs save dir = os. path. join(self.project dir, ’logs’)

13 self.is sample shuffle = True

14 self. batch size = 16

15 self.max_sen len = None

16 self. num labels = 4 # num choice

17 self. learning rate = 2e¢—5

18 self. epochs = 10

19 self. model val per epoch = 2

20 logger init(log file name= choice’, log level=logging. INFO

21 log dir=self. logs save dir)

FE_EIRACES 28 3-12 47 73 i FERSRIUCS A SR BT e g4 5 13-19 4TI
W BRI NS 5 20-3L AT R AR H B FTENIIAOE &
IR, 8 7 A INZRI T A5 R, X B RATH S — D e HokEAT i AL

73



/

) BARBEH
j www.ylkz.life

1 def show result(qas, y_pred, itos=None, num_show=5) :

2 count = 0

3 num samples, num choice, seq len = gas.size()

4 gas = qas. reshape(-1)

5 strs = np.array([itos[t] for t in qas]).reshape (-1, seq len)

6 for i in range (num samples) :

7 s idx = 1 num_choice

8 e idx = s _idx + num choice

9 sample = strs[s idx:e idx]

10 if count == num_show:

11 return

12 count += |

13 for j, item in enumerate(sample): # & PFEASHIIY N %

14 q, a, ="".join(Gtem[1:]).replace(” .”, 7.”7).replace(” ##”,
””).split C [SEP])

15 if y pred[i] == j:

16 a += " ## True”

17 else:

18 a += 7 ##t False”

19 logging. info (f” [ {count + 1}/{num show}] ### {q + a}”)

20 logging. info ("\n”)

7 3 R SO 2550 RT Bl SR R Pl s O 25 2R

1 — the people are in robes. they are wearing colorful costumes. ## False

2 — the people are in robes. they are doing karate moves on the floor. ## True
3 — the people are in robes. they shake hands on their hips. ## False

4 - the people are in robes. they do a flip to the bag. ## False

e, FATVE AT DUE T 0 R 52 58 AR R 0R ,  SBACRS I R B

def train(config):
model = BertForMultipleChoice (config, config. pretrained model dir)

optimizer=torch. optim. Adam(model. parameters (), lr=config. learning rate)

1

2

3

4

5 model. train ()
6 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
7 data loader = LoadMultipleChoiceDataset (

8 vocab_path=config. vocab path, tokenizer=tokenizer. tokenize,

9

batch size=config. batch size,max sen len=config.max sen len,

10 max_position embeddings=config.max position embeddings
11 pad_index=config. pad token id,
is_sample shuffle=config. is sample shuffle,
12 num_choice=config. num labels)
13 train iter, test iter, val iter = \
14 data loader. load train val test data(config. train file path,
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15 config. val file path, config. test file path)
16 max_acc = 0
17 for epoch in range(config. epochs) :
18 losses = 0
19 start time = time. time ()
20 for idx, (ga, seg, mask, label) in enumerate(train iter):
21 loss, logits = model (input ids=qa, attention mask=mask,
22 token_ type ids=seg, position_ids=None,
23 labels=label)
24 optimizer. zero grad()
25 loss. backward ()
26 optimizer. step ()
27 losses += loss. item()
28 acc = (logits.argmax(l) == label). float().mean()
29 if idx % 10 == 0:
30 logging. info (
f”Epoch: {epoch}, Batch[{idx}/{len(train iter)}],”
31 f’Train loss : {loss.item():.3f}, Train acc: {acc:.3f}”)
32 if idx % 100 == 0:
33 y pred = logits. argmax(1). cpu()
34 show result(ga, y pred, data loader.vocab. itos, num show=1)
35 end time = time. time ()
36 train loss = losses / len(train iter)
37 logging. info (f”Epoch: {epoch}, Train loss: ”
38 f” {train loss:.3f}, Epoch time = {(end time — start time):.3f}s”)
39 if (epoch + 1) % config.model val per epoch == 0:
40 acc, = evaluate(val iter, model, config. device, inference=False)
41 logging. info (f”Accuracy on val {acc:.3f}”)

1E LRI A, 2 2 47 SR R HE 4R i IR AL O B A2 T 4 ik — AN 5 T BERT
IR ZAT AL 38 7-15 AT R AN HAREE; 5 17-36 17 N2 B MR
WSt RE, SEBoRFIRIS AT E T H & 2 P 3T 3REL .

T S X 4% £ 1T S0 P B 4

- INFO: Epoch: 0, Batch[0/4597], Train loss :1.433, Train acc: 0.250
- INFO: Epoch: 0, Batch[10/4597], Train loss :1.2
2

77, Train acc: 0.438
- INFO: Epoch: 0, Batch[20/4597], Train loss :1.2

49, Train acc: 0.438

- INFO: Epoch: 0, Batch[4590/4597], Train loss :0.489, Train acc: 0.875

— INFO: Epoch: 0, Batch loss :0. 786, Epoch time = 1546. 173s

— INFO: Epoch: 0, Batch[0/4597], Train loss :1.433, Train acc: 0.250

8 — INFO: He is throwing darts at a wall. A woman, squats alongside flies side
to side with his gun. ## False

~N O O1 & W DN~
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9 - INFO: He is throwing darts at a wall. A woman, throws a dart at a
dartboard. ## False

10 — INFO: He is throwing darts at a wall. A woman, collapses and falls to the
floor. ## False

11 — INFO: He is throwing darts at a wall. A woman, is standing next to him.
## True

12 — INFO: Accuracy on val 0.794

6.3.3 t2AUHETE

FE e AR R I SR A J5 5 ) DA I R 12 o DR A 2 RO AR T A 55 10 4
st ARSIl T

1 def inference(config):

2 model = BertForMultipleChoice (config,
3 config. pretrained model dir)
4 model save path = os.path. join(config. model save dir, 'model.pt’)
5 if os.path. exists(model save path):
6 loaded paras = torch. load (model save path)
7 model. load state dict(loaded paras)
8 logging. info ("#8 MIhEACAHRR, SEATHM. ... .. ”)
9 model = model. to(config. device)
10 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
11 data loader = LoadMultipleChoiceDataset (vocab path=config. vocab path,
12 tokenizer=tokenizer. tokenize, batch size=config. batch size,
13 max_sen_ len=config. max_sen len, pad index=config. pad token_ id,
14 max_position_embeddings=config.max position embeddings
15 is sample shuffle=config. is sample shuffle)
16 test iter = data loader. load train val test data(
config. test file path, only test=True)
17 y pred = evaluate(test iter, model, config.device, inference=True)
18 logging. info (f" HMIFRZEN: {y_pred. tolist()}”)

e ARG, 2 2-3 AT/ RSB AL — AN R BT SSAYs 28 4-8 1T 2 EA
AT S HCR E IR S5 28 11-16 17 R BN IR EHE; 28
17 A7 &R AR AR R A b R HER R

Ft, X THAIET BERT FlJIZAAAY 1) SWAG £da S 11 in] 25 2 5 /- 44
SET . BPERYE, ST MBI RIX TSROk, R B W S H X N
[ &N IUE B A PFHEE— R 1T 51, B S BERT A8 fridf AT REAiE R B
Ja AT 4 R AT
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FBT7T BEXFIRIFPTPE

71 5|8

TR 22 SR Gt FE e, SR A R BCR A IR A4 R i N BT, MEAE
KGR — I [A] A B 1 SR T 2 BN S TR 5 o) 2R, B R AR A i 2 W AR 4T J5
T 2230 I Bh 25 B2 SRR A Y . 2 Fy DAELAE I B A 4RI 3043 9 28 2 RN AE
N> BERT WiffE45 35 (il @m0 thig C/EE w2 T 23 7 3 &R
77 R [FIEE, Blanse Transformer 183, R T U1 F A HCRBI SR 5] %

Ir _rate=d, s - min(step_num

WRYE 2 (7. ) AR, BRI SR RE o 2 ) R (A R R 2R B 7-1 s

0% step _num-warmup _steps°) (7.1)

0.0010 —— d_model = 256, warm_up = 4000
d_model = 512, warm_up = 4000
—— d_model = 512, warm_up = 8000
0.0008 A
v
E 0.0006 A
[l
=
E
$ 0.0004
-
0.0002 A
0.0000 A

0 2500 5000 7500 10000 12500 15000 17500 20000
Steps

7-1. Transformer FIAF S RTLE
HHUEFT L, Zhalsss > 1 B R IRE = ) b — Mg s I 25560 . (Rl , T
AT IR 5] SN BT T LU A ATk S B 2 3] 5
WS ATE, W R:

1 class CustomSchedule (object) :

2 def init (self, d model, warmup steps=4000, optimizer=None) :
3 super (CustomSchedule, self). init ()

4 self.d model = torch. tensor(d model, dtype=torch.float32)

B self.warmup steps = warmup_ steps

6 self. steps = 1.

7 self. optimizer = optimizer

8

9 def step(self):
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10 argl = self.steps -0.5

11 arg? = self.steps (self.warmup steps -—1.5)

12 self. steps += 1.

13 lr = (self.d model -0.5) min(argl, arg?2)

14 for p in self.optimizer. param_groups:

15 pl1r’] = 1r

16 return lr

17

18 def train(config) :

19 optimizer = torch. optim. Adam(translation model. parameters(), 1r=0.
20 betas=(config. betal, config.beta?2), eps=config. epsilon)
21 lr scheduler = CustomSchedule (config. d model, optimizer=optimizer)
22 loss. backward ()

23 lr scheduler. step()

24 optimizer. step ()

25

£ FRARES H, 5 1-16 47 2B B E U S B SISy, Hod warmup_st
eps 7N 5 2 AR IR B B AR AT B — AN B EC (B an B 7-1 R EZE )
55 23 AT RAEREA LRI step Hxf 22 2] ZAT R, 56 24 AT W2 RHF B S
127 2] B R SR AT TR

IR, T IR A B AN DL 5 2 R gl TR A 7 U SRR T AR S,
RN T — S8 WL 2. Bt RIZB A2 ) R, IRATT LB B
Transformers HEZ2 41 optimization ARSI . [FIF, RIS AS L A 1 45 S mg
FATE T CAE By PyTorch AR GBS S EIL,  DAEE B8 47 RO R FH A 0% P9 B 32

TR TR R, BRS04 o] B 42248 B Transformers A 42 A )
optimization FBEHSRPUE LI SRS H 1) REHERE AN AT %
AT JE I SE I A DL R an el AT SR SIRE R S TT

7.2 hiSFEIREH
7t Transformers #E4EH, FATAT LLd S 40 T 77 20K S\ optimization #i4k.

1 from transformers import optimization

fE optimization Fierh, —3LAE T 6 M WH 7 R A R, B
constant. constant_with_warmup. linear. polynomial. cosine #I cosine_with_rest
arts, 73— BRSO IR R0 R ) S5 A0 R

T ERF RO X 6 Fhah s 5 > F 7 AT 4.

7.2.1 constant {5 F

£ optimization f&Ee AT DL get_constant_schedule g Hok % b1 %5 v ) %

AN BRPEET L A B, HE RSB SF I R — MEEA
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AR AL BEUR A TR N 7O RS S S R AR AT T AL, 3K
BLIRATSREE E AR, AN

1 import torch

2 import torch.nn as nn
3

4 class Model (nn. Module) :
5 def init (self):

6 super Model, self). init ()
7 self. fc = nn. Linear (5, 10)

8

9 def forward(self, x):

10 out = self. fc(x). sum()

11 return out

B2, AERAYIZRA I AL T on] BUE I PR 7 2ORBEAT A -

from transformers import optimization

1

2

3 if name == main ’

4 x = torch. rand ([8, 5])

5 model = Model ()

6 model. train()

7 steps = 1000

8 optimizer = torch. optim. Adam(model. parameters(), lr=1.0)
9

scheduler = optimization. get constant schedule(optimizer, last epoch=-1)
10 Irs = []

11 for in range(steps):

12 loss = model (x)

13 optimizer. zero grad()

14 loss. backward ()

15 optimizer. step ()

16 scheduler. step ()

17 1rs. append (scheduler. get last 1r())

e FIRARES Y, B9 ATE R FHORAS B0 B IR 2505 2 B AR A B S A T R
HoAv last_epoch F T EK E I 2RI 48 € LIk 45 IS 1) epoch $ &, KA )51
TR S epoch B 5, MIRAE BRI S 15 4R € N-1 RIT], 1XEB
Iy WA ERAEARTT B S BT VRIS 41 5 16 47 WJoxd 2 S R AT SO0, 56 17
A7 )5 B X6 N2 ) 2 ) A5 T AT ARA

FERRNZREE R G (I ZRid 72 K H tensorboard T ) ] DAY 2% 2] F (1)
A REHAT AL T, ARSI
1 plt. figure(figsize=(7, 4))

2 plt.plot (range (steps), lrs, label=name)
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3 plt. legend (fontsize=13)
4 plt. show()

ERTTER AT A SR A 7-2 R .

—— constant
1.04
1.02 A
1.00 A
0.98 1
0.96 1
(I) 260 4(I)0 6(I)0 8(I)0 10'00

7-2. constant F I ERIT(LE

e 7-2 Fros, SRR IS R 122 ) I RA K AR, AR R r
% 1.0 HIAATE
7.2.2 constant_with warmup 5

7E optimization &, FATATLLIELT get_constant_schedule_with_warmup p&
kIR (115 206 L B2 5 2] R B SLGI TT1E. BT LR R, Z7 15
ZAF RN 2 — AN warmup ()5 805 ) 22 R . R AL ZRE it AR, 3RAT]
CIRYS VY e SR iR
1 scheduler = optimization. get constant schedule with warmup (

2 optimizer, num warmup steps=300)

Hrb num_warmup_steps %7~ warmpup HI%E .
wa, STIER AR S SR AN 7-3 P,

1.0 A

0.8 A
0.6 1
0.4 A
0.2 A

— —— constant_with_warmup

6 260 460 660 860 10I00
7-3. constant_with warmup 5 3 I [E|
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M 7-3 W LLE H constant_with_warmup XA R 5 fEf ) 300 4> steps
DAZRMER 7 AT K, 2 e RIFEOR R 4
7.2.3 linear {£

£ optimization # 8t FRA] LUE T get_linear_schedule_with_warmup 2 $0K & 7]
X R BhAS 5 2] BB L T v . BRI LVE Y, TR AR RN 2 —
AN warmup [ EE ) R AR . FERERLI SRR AR A, BATTRT BLd sk LR 5
RIEATAEH :

1 scheduler = optimization. get linear schedule with warmup (optimizer,

2 num warmup steps=300, num training steps=steps)

Hrp num_training_steps &~/ ZR 1 step 2.
BJas SHIER TG R0 Frs

1.0 4

—— linear

0.8

0.6

0.4 4

0.2 1

0.0 4

(') 2(I)0 460 660 8(|)0 10‘00
7-4. linear XTI E
M 7-4 AT LA H linear B 5% > 2R S0 2 71 5 W11 300 4 steps 1 LLZEME
77 T I, 2 JE (2 FIRE LAZRPE I 7 Rk AT ik, B B30k E) 0 ik,
7.2.4 polynomial {5 F

7 optimization FE AT LLiE T get_polynomial_decay schedule_with_warmup
BRBSUCR AR [0 0f B R B85 ) 2R M B B se A TR . N A AT BVE Y, iR 4
R R — AT 2 IR 7 S R A RSN . ERTIZRpg Ry, JediTw]
Ll LT 5 sOREAT A -

1 scheduler = optimization. get polynomial decay schedule with warmup(optimizer,

2 num warmup_steps=300, num training steps=steps, Ir end = le-7, power=3)
H o power Fox 2 WM IRE, Y4 power=l B CBRIN) KAl T

get_linear_schedule_with_warmup &%i; Ir_end 7R ) 2R 1 5/ ME -
WwJa, HITER RS R an & 7-5 P
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Lo —— polynomial
0.8 1
0.6 1

0.4 -

0.2 A

0.0 A

260 460 660 860 10100
7-5. polynomial IR E (power=3)

M 7-5 7T LA H polynomial 372 ) 20 50 & AE B 300 4> steps H
At 1) 77 AT, 2 a2 2 T U7 s T i ek, BRI E) Ir_end J5
TREFANAR

7.2.5 cosine {8

7 optimization FERFF A LLETT get_cosine_schedule with_warmup i [A] 3%
T cosine BREL I BNAS 5 ) ZEU BT % AR B ALY S R rh FRATT T DUIE S R 7 K
KIEAT A :

1 scheduler = optimization. get cosine schedule with warmup (optimizer,

o

2 num_warmup steps=300, num training steps=steps, num cycles=2)
FHrp num_cycles RRIEIAIIREL -
Ba, SITER AL G SR A& 7-6 PR .

1.0 A

—— cosine

0.8 1

0.6 1

0.4 1

0.2 1

0.0 A

260 460 660 860 ].OIOO
7-6. cosine FIEXRI{LE (num_cycles=2)
MBI 7-6 AT LA H cosine sha2E SRR T VLS R E BRI 300 4> steps H
PALRAE R 7 AT GG, 2 582 LA 5% R B 05 sUBEAT J 39T 1 AR 4 o

o 4
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7.2.6 cosine_with_restarts {5 Ff

7£ optimization #Ek A LiE TS get_cosine_with_hard_restarts_schedule_with_
warmup K3k [a] 3T+ cosine bR il B J5 Sha 7 S R Tk . PiE A EL S
SRR F 0 2 Jm AR [ B f KA A5 3o AR ARSI ZRad R BATT mT DA i
I 7 HORIEAT IR -
1 scheduler = optimization. get cosine with hard restarts schedule with warmup (
optimizer, num warmup steps=300, num training steps=steps, num cycles=2)
o, BINERAAL A R K 7-7 Fos .

1.0 1

0.8
0.6
—— cosine_with_restarts

0.4 4

0.2 1

0.0 1

6 260 460 660 860 10]00
7-7. cosine_with_restarts F 3 FIKE (num_cycles=2)
M 7-7 AT LA H cosine_with_restarts 2 25 25 >) SR B 7 vk 5 Je 78 B 0] Y 300
A~ steps H PAZEAE 7 ST HE K, 2 S5 82 DAAR SR e AU 77 AT A S S
92 Bl fe/ME I P B K R BTG 5 2] %
7.2.7 get_scheduler {5 8

I IR 6 AR HUE RE g IR 9145 BAH N ) Shas 7 ST R TR AR, IR
RIFA T BB — L8 E S H, Bl in 2 B B power AR 5238 4 i)
num_cycles %5, 4R DAE H—ANTEE RS — 8 DR IAH ik 6 ik
1 from transformers import get scheduler
2 def get scheduler(

3 name: Union[str, SchedulerTypel],

4 optimizer: Optimizer,

5 num warmup steps: Optional[int] = None,

6 num training steps: Optionallint] = None) :

7E EaRAAS 55 3 47 name FoR4EE I R B TT A, FLADUR & B
A4H1 6 F, I HiBid constant. constant_with_warmup- linear. polynomial. cosine
A1 cosine_with_restarts iX 6 /™ B B RE IS IR [RI4F BN RL 1) i X T H e dF
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5E IS BN 2 R FF RS J7IER BRI ER B . 1 i@ L get_scheduler r& ik (9]
get_cosine_with_hard_restarts_schedule_with_warmup I, num_cycles 1]} 1.

i n

1 scheduler = optimization. get cosine with hard restarts schedule with warmup (
2 optimizer, num warmup steps=300, num training steps=steps, num cycles=1)
3 scheduler = get scheduler (name="cosine with restarts”, optimizer=optimizer,
4 num warmup steps=300, num training steps=steps)

7E EIRARRG A, AT 2k [l 15 21 () 2 ) R 7 S0 — AR (2 iR A8
R 8] num_cycles=2 fI5 LR ELA REIE L get_scheduler B& 43k 15 .

Fgt, T Transformes HEZEHH ILE 6 Fhay: 2] Z B A A #ET75 R HAT /R
BN H5E T
7.3 hSFEIRLIY

XTF Transformers HEZL s SEHLIX 6 P 2] AN S TR BT EA T E LT
PyTorch #£Z2 4 1) LambdaLR 257 5K .
1 from torch. optim. lr scheduler import LambdalR
2 class LambdalR( LRScheduler) :

3 def init (self, optimizer, lr lambda, last epoch=-1):
4 pass

WX AL, RATR FER A, FARRH0HE TR (B L
¢ last_epoch SHUOKSEHI1E2E LambdaLR 1 7] LLIR [0145 A B 1 s2filib 3 5. R
THT A e R AR AT — A TR B A2
7.3.1 constant SEI

XF T constant BTSRRI ELECRT L, RS EAE AN — MR EMEIRZ N 1.0
e 44 BRI AT . ORI 1R A — A R B LARATTHI AR € 1) > 2
SEIARES 4
1 def get constant schedule(Optimizer, last epoch = —1):

2 return LambdalR (optimizer, lambda : 1, last epoch=last epoch)

£ EiRAEH, lambda _:1 g2 BaR BHEDY 1 B4 K% it iets
AAUE, EREREHEHARE 1.

7.3.2 constant_with warmup 2]

Xf T constant_with_warmup I THSEFE R U AR LU BT B . A (5 2
F£ num_warmup_steps Z Fil RECRFFE MG, 7E num_warmup_steps 2 J5 /¥
9 1.0 AAZRIAT, Bl
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current _step
, current_step <num_ warmup _steps
Ir _coef=< num _ warmup _steps (7.2)
10, current _step>num_ warmup _ steps
W AR(7.2), HALIARIU N FFros:

1 def get constant schedule with warmup(Optimizer, num warmup steps,

last epoch = —1):
2 def 1r lambda(current step):
3 if current step < num warmup_ steps:
4 return float (current step) / float(max(l.0, num warmup steps))
5 return 1.0
6 return LambdalR (optimizer, lr lambda, last epoch=last epoch)

IX F BN 7R B R EE K S, Ir_lambda() i 1] 2 2 =) R AR e 2 3L
Z AR B UGG 1 5 2] R A e i AR B 22 ) R Bl B R AR AS A
current_step A F2F num_warmup_steps I % [ [ ZEof2 1, IXFERLAEARIEAE
X2 a5 2 B S R RV W E [ 5 S AR

7.3.3 linear SEI

X linear 1 RETH BT FER UL X T 50 A7E num_warmup_steps < Fij fl2
J& 3 PR ARE B A 3 I RH 2 4 sk B AT, B

current _step
num_ warmup_steps’

num__training _steps-current _step
num__training _steps-num_ warmup _ steps

WRHE L~ (7.3), RESLIEL U -

1 def get linear schedule with warmup (optimizer, num warmup steps,

current _step < num_ warmup _steps
(7.3)

, Current_step >num_ warmup_steps

Ir _coef=

num_training steps, last epoch=-1):
def 1r lambda(current step: int):
if current step < num warmup steps:
return float (current step) / float(max(l, num warmup steps))

return max( 0.0, float(num training steps — current step) /

~N O O B~ W DN

float (max (I, num training steps — num warmup steps)))

8 return LambdalR (optimizer, lr lambda, last epoch)
7.3.4 polynomial S2E

%I T polynomial (1) R &SI AR R U RS R 2% 17— ri, HBEARZ 27
num_warmup_steps 2 B REULRFFLE MK, 7E num_warmup_steps 2 J& TREF N E
EAAR, FER#E 2 (a0 AR 22 T ek B0 AT 28 4, TR A X R
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current _step
num _ warmup _ steps

Ir_end
Ir_coef =¢{————
- Ir _init
(Ir_initdr_end).|1.  Current_step-num_warmup_steps Pt “r end (7.4)
- - num _training _steps-num _ warmup _ steps -

Ir _init
current _step < num_ warmup _ steps
current _step > num _ training _ steps
num_ warmup _steps < current _step < num _ training _steps

HodrIr_init FoRVIE BRI IR,
HRHEAR(T.4), T SHAREL I T Fias:

1 def get polynomial decay schedule with warmup (optimizer,

2 num_warmup_steps, num_training steps, lr end=le—7
3 power=1.0, last epoch=-1):

4 lr init = optimizer. defaults[”1r”]

5 assert lr init > 1r end, f”lr end ({Ir end}) must be

”

smaller than initial lr ({lr init})

6 def 1r lambda(current step):

7 if current step < num warmup steps:

8 return float (current step) / float(max(l, num warmup steps))
9 elif current step > num training steps:

10 return Ir end / 1r init

11 else:

12 lr range = lr init — lr end

13 decay steps = num training steps — num warmup steps

14 pct remaining = 1-(current step—num warmup steps) / decay steps
15 decay = lr range pct remaining power + lr end

16 return decay / lr init

17 return LambdalR (optimizer, lr lambda, last epoch)

7.3.5 cosine SEIY

X cosine 22 2 R AR KA EISFER UL MR B 2% 1, HOEA2
HFZLE num_warmup_steps Z BT REPRFFZMEIEK, £ num_warmup_steps 2
J& W CAXE 7 (1) 4% 5% pR B0 AT A8 e, TR AW R -
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current _step
num _ warmup _steps

Ir _coef =

%-(Hcos(z-ﬂ-num_cycles- current _step-num_ warmup _ steps D( )

num _ training _ steps-num _ warmup _ steps

current _step < num_ warmup _steps
current _step > num _ warmup _steps

RAE A (7.5), RALIILU Fros:

1 def get cosine schedule with warmup(optimizer, num warmup steps,

2 num training steps, num cycles = 0.5, last epoch = -1):

3 def 1r lambda(current step):

4 if current step < num warmup steps:

5 return float (current step) / float(max(l, num warmup steps))

6 progress = float(current step - numiwarmupisteps) /

7 float (max(l, num training steps — num warmup steps))

8 return max (0.0, 0.5 (1.0 + math.cos(math.pi float(num cycles) 2.0
progress)))

9 return LambdalR (optimizer, lr lambda, last epoch)

7.3.6 cosine_with_restarts SZIJ

XFT- cosine_with_restarts % 2] )AL RECHE I RERU, 2 RS
cosine 77 LI FESAL, UL R 21 7 — oA R, Bkt a2
T

current _step
num_ warmup _steps
Ir_coef =:0.0

1 1+cos| | num_cycles- currept__step-num_warmup_steps %10 || (7.6)
2 num_training _steps-num_ warmup _steps

current _step < num_ warmup _steps
current _step > num_training _steps
num_ warmup _steps < current _step < num__training _steps

Hor o R4
HRAR A SR(7.6), B STBLAHS R

1 def get cosine with hard restarts schedule with warmup(optimizer,
num warmup steps, num training steps, num cycles = 1, last epoch = —1):
def 1r lambda(current step):
if current step < num warmup_ steps:
return float(current step) / float(max(l, num warmup steps))
progress = float(current step — num warmup steps) /

float (max(l, num training steps — num warmup steps))

CO N O O B~ W N

if progress >= 1.0:
87



) BARBEH
j www.ylkz.life

9 return 0.0

10 return max (0.0, 0.5 (1.0 + math. cos(math. pi

11 ((float (num cycles) progress) % 1.0))))
12 return LambdalR (optimizer, lr lambda, last epoch)

7.3.7 transfromer SEIY

gt ER UM S F ) R TR BN H, T A7) W2
Transformer & 3CH 2% > ZE U3, AT AT DABLT _EIR i 75 OR AT S 3«
1 def get customized schedule with warmup(optimizer, num warmup steps,
d model=1.0, last epoch=-1):
def 1r lambda(current step):

current step += |

argl = current step -0.5

arg? = current step (num warmup steps —1.5)

2
S
4
5
6
7 return (d model -0.5) min(argl, arg2)
8

9

return LambdalR (optimizer, lr lambda, last epoch)
A7) P 5 SR T VA A K BRI 11, B E S )
IEA Adam(O) I 28 Ir T ERME N 1.0, IXFF get_customized_schedule_with_warm
up R EE RIS R ERGRIRATR E M 225 7. AR, Wl DLEEAE FIR S
55 6 AT IR [ P PN _E R ARTAR 52 2] 2, 1X R Ja Bei AN AR 2 I R ATRCE N
1 HIRRS 1, R PEAREE

BB EA AT LU E IR ST SR A 1% 07

1 optimizer = torch. optim. Adam(model. parameters(), lr=1.0)

2 scheduler = get customized schedule with warmup (optimizer,
3 num_warmup_steps=200, d model=728)

R A FIRE AT 200 K 7-8 o) o ] A 22 .

0.0010 4

—— customized

0.0008 A

0.0006 -

0.0004

0.0002

0.0000

0 2500 5000 7500 10000 12500 15000 17500 20000

7-8. BEXFIRHSHEE
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7.4 LambdaLR [RIE

TEA 58 PR LR shAS 5% 2 2 & 3 8 XSG, AT RRBEE K
J= LambdaLR HSEEliZ i, XFEEERMTRANRERMEH Bk T77%. 498, W
BREEN RAEFEAEXN Bk 6 Mol AR, B4 NEER LISEIT I
o, FHREEERARN.
74.1 XIiEiE

1 LambdaLR ZE ) se BLACAS o] DL L, 28 LambdaLR & 4k 7K H 2K
_LRScheduler, P35z H1 & H B E )R TTIEMB AL =T
1 class LRScheduler (object):

2

3 def init (self, optimizer, last epoch=-1):

4 if last _epoch == -1:

B for group in optimizer.param groups:

6 group. setdefault (" initial 1r’, groupl I1r’])

T L.

8 self.base lrs = list(map(lambda group: groupl initial 1r’]
optimizer. param groups))

9 self. last_epoch = last epoch

o L.

11 self. step()

12

13 def get lr(self):

14 raise NotImplementedError

15

16 def step(self, epoch=None):

.

18 self. step count += |

19 with enable get Ir call(self):

20 if epoch is None:

21 self. last epoch += |

22 values = self.get 1r()

23 else:

24 self. last epoch = epoch

25 if hasattr(self, ” get closed form 1r”):

26 values = self. get closed form 1r()

27 else:

28 values = self.get 1r()

29 for param group, lr in zip(self.optimizer.param groups, values):

30 param group[ 1r’] = Ir

3l .
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32 ...,

33 class LambdaLR ( LRScheduler) :

34

35 def init (self, optimizer, lr lambda, last epoch=-1):
36 self. optimizer = optimizer

37 self. last_epoch = last epoch

38 super (LambdaLR, self). init (optimizer, last epoch)
39

40 def get lr(self):

41 return [base lr lmbda(self.last epoch)

42 for lmbda, base lr in zip(self.lr lambdas, self.base lrs)]

E: EARAIFAETEISY, FAERZI L a9 X0 AT I

B RAEA BN T ) R R O R A B R R TE 2 get_Ir()F step()iX
AN WA 7.3 TR R AR B AT CUR B, BRI Zhid R il step()ix
ANTTER I S R G, X BEIRA TR step() 7 iENFRIEATHE T -

M ERARAD5 16 177 LRI, Hsi step() /79276 i F I iE £ 48252 — > epoch
S, B FEAT I A R AN, e XCEH AR ? #t—4, N
%5 20-22 470 L4 epoch &y None I, FE4 self.last_epoch mt 4 Bit-hn 1; a5
epoch A4 None #4 self.last_epoch #i< EHFHL epoch [PME; HeE(# &imid
self.get_IrQERECKIKBCU AT 22 ) . R RART = I B ESER G, HiEd
55 29-30 AT AR HAR N B AR S 1 25 2] R B T

P FiokE LambdalR 1 get Ir()fB 7 fSEILARED . AN 40-42 174X AT A1,
self.Ir_lambdas #f /& LambdaLR SZBI{bIAE NS5 Ir_lambda, tHEL2E5 7.3 15
HA A2 ST R R BT SR B T self.last_epoch a2 BT TEI T B2 current_step
S8, WX HEBRATM AT LA B, LambdalR A epoch i MES AU BAT -4
WIZRIT BT i s AR <587 £, tnT DAERAR B SR 2 805 3 IR B

MEE 20-28 1THIZEETTLUE H, G SRAEA R 7 B 22 S R AE A batch
SR A R A AR A, TR B T H R A el 2 T step() 7 VR AN FR A2 epoch;
WHRAN R TF EAE R epoch (B8) Ja22 2R A4 kAR, IALEIAH step() /7%
i fi 2 epoch N4 HT A ELED AT, 4140

1 for epoch in epoches:

2 for data in data iter:
3 optimizer. step()
4 scheduler. step (epoch=epoch)

HH KU, BT —F 5 (£ batch ZH0E #5272 I K E R AN 2K
WHES %2, Wt 7.3 TWh AR .

[, MR RS 28 3-8 /7RI %0, 24 last_epoch=-1 i}, _LRScheduler %k
N FONEE R RGN SR PR ES, 98 optimizer 1) Ir ZEUE NI 46 % 2] %

initial_Ir, 152 J5 221 self.base_Irs, ##H T7E58 42 1T 15 LRI 22 S %K,
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1 last_epoch ANJy-1 I, HAJt i DR IR i ROASE 7Y Ml e 75 20 R 21 2 1 AR 28 AN
ZNARBIEAT IR, T2 BEI 57 3] Rl 75 EK R 2B 2 B 45 R A B —Z1 .

B, X% LambdalR R SEBLIZ M R A 158 T N I EAE R
Wi Ja— ), BPanfaris it 55 7 last_epoch Stk 5 315 5] Z 2 1 (RPIRAS 4k 2L ik
BN .

742 FIRRE

EARSEAL 2 B IEAE R cosine J7 kAR N5 ) Rl 5 B SRMOR I ZR Y, JF
HAEWZE 3> epoch JE{ELR 1 %k, [FIIS B2 1 Wil 7-9 Fros i se > 24k
HHEER

0.010 A

0.008 A

0.006 -

0.004 -

0.002 4

—

0.000 4

(I) 560 10|00 15I00 20'00 25|00
& 7-9. FEIFRTTLpLk
TEIX AL B N BT SE 257 AR I AH OB s J5 O, R SR 4k 34791 25
NAZIE BE3RAT BE U 2 IR T2 T B0 2 B PRAT A B A T IB Il 4. (H 2 52 2]
FREEAFEA B E B 2 7 45 RIS PR WE 2t 2 Ui A A 78 3E4T 38 Il 2R

YRR L R ARG AT, T AR 7-9 FORE MK TF U6
BEBy,  FRATE AT L a0 AR RSBk H 1
1 last epoch = -1
2 if os.path. exists(./model.pt’):
3 checkpoint = torch. load (. /model. pt’)
4 last epoch = checkpoint[ last epoch’]
5 self.model. load state dict(checkpoint[ model state dict’])
6
7 num training steps = len(train iter) self.epochs
8 optimizer = torch. optim. Adam([{”params”: self.model. parameters (),
9 “initial 1r”: self.learning rate}])
10 scheduler = get cosine schedule with warmup (optimizer
num_warmup steps=300,
11 num_training steps=num training steps
12 num_cycles=2, last epoch=last epoch)
13 for epoch in range (self. epochs) :
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14 for i, (x, y) in enumerate(train iter):

15 loss, logits = self.model (x, )

16 optimizer. zero grad()

17 loss. backward ()

18 optimizer. step()

19 scheduler. step ()

20 1rs. append (scheduler. get last 1r())

21 ...

22 torch. save ({" last epoch’ : scheduler. last epoch,
23 "model state dict’: self.model.state dict()},
24 . /model. pt’)

78 LRI A, 5 2-5 4T FSR AT A Hb & 35 AF R AR, 4n SRATAE USROG B
MSHAE: 55 7-12 4705 B & SURMSEBIAL A SR TT 4, A R AR R A i)
last_epoch H4F -1 #5351 get_cosine_schedule with_ warmup 97, Bt 2]
RMSLTF UG AW 55 22-24 AT WX IIGRES H G AR S HGEAT (R AE, [RIF B AR
177 last_epoch HI{H .

XERBEERE AR, REEMRMMS I E T initial_lr 2%, B4
LambdaLR 7EZNAS 5% > I base Ir 52 initial_Ir XFREME, SH4bad
48 E 1) Ir SEEEE TR R

5 S AR AT I NI 2R, 55 4 ATACHS{E 3R AN/ 3 T last_epoch E—
RNGRAE G WA, B8 )5 BRI 2R 22 2] Za i il DLBEAE b — IR &5 R (PR gk 4
BHAT . B ATRATTH AT LIS B A& 7-10 Fros il 2E ) RAR L i 286

0.010 A

0.008 A

0.006 -

0.004 -

0.002 A

0.000 A

0 500 1000 1500 2000 2500

B 7-10. FJRREEHhL
M 7-10 ATBLE Y, 22 2 SR PIRE 2 555 ] 7-9 FP 2 S R I SR B T4
BEAT AR R
B, MFEEAARMEMTEEER A EE T £ WRED, &
FEKG 2 RN A 28 QAT 7E 10 B AT 2% (RPN — BOSCAR R IR A — AN [l R, LR AR
2 B RAESCAR PR IEAL B 35 T T BERT TN ZRAAL H R -
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2 8T ETF BERT fill&4 &2 H) SQUAD [a)Z{ES

SR LT N AERINE, BRATCEER T BERT BRI AREEE ., dnfa A
TPl BERT A Wi 3T BERT TR R SR 58 U AR 0 AT S5 . UARZE S
155 LR ) BRI BEAT 55 1K B RO AT 55 o 7E8E ToRIIX T AR, B 24k
SEAAET BERT TUIREERIZE 4 AN TUHT SO S, BRI Qe 52 Bk n) 25 ]
EAT5

T 1] 8 [B] 25 48 Al A2 [ B 25 B R BN — AN Im) U — B iR, B s e A Y
N E A PN L ) R ST AE A2 B (texct span)s

(PP

Wit FHARRFLOLFREIER, BN ALA.
P FRAEA?
s BB LA

XTI A ) [ B AT 55 FRATT A% B A SR i A A Y g 2

FEMOX NS Z AT E e FHE AR e : OR& R BIPE SR €L ESE N
A QR HRIR TSR — R —BOEL TR, Asea k. Flanx T
AR N AR, R g R A TR T AR AT A AEAR DL S AR R R
N? 7, AR RATEA L ML “AboR” M “JEME N7 X A7 2 )
B, WIFMEOL T ERALGH “ALRBAR LI EBUESR, BMELN” X—
MEBE R

FEA T IXPABRMSI AT G, AT IR A B AT 55 A Bk A i 1 75 B LA Y
AR ERAERA PRGN B Cstart position) LK BRI RALE (end
position) o FTLL, [0 B2 X AZ R 7 anfef e BERT AL 25 Al B A g — AN 4028
#ok%t BERT #¢Ja— 2 & Token BE47402%, HWreflEBE T start
position B¢ /& end position.

8.1 ESWIE[RIE

Efn BT, RE R T H LS IR I A8 B B AT S ok, HOARRT FARIA
A AV ZE N — AN il 1 3 AT 55, R AR A i i3t ) O BEEAE T ] ) i A
{E55 DA S B HA 4R

W 8-1 fioR, Jf&—ANET BERT TR AL fr) fn) #3t [ 2 A58 1) JR R ] . A
BT RT DA Y, #e) s As A N 1R 7 U R SR A 1r) RUR b R SO IR PR il — A
Firp (Al FH[SEPIFF S W T, R 5 A% N 2] BERT BRI b g ATRFESEHL . 7E
BERT Zfidschk)a, FHHURJE— 2% E X &1 Token #H474r KR RT3 2] start
position £ end position [¥) 754 i
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ik : AR EBIEREZNCERSBGAR, BMELWLA.
[BlRR: A EWEA?
& BMNEWLA

DEMHER {L

[cLs] FHMPEA? [SER1 FHBILRZBNNFREBUAR, BMEWLA. [SEP]

QFHERI S 573 @

< BERT Model )
C FC & Softmax )

& 8-1. [EJEEIZE[RIEE

B 75 11 2 A ) 3 [ 255 3 st b 2 0 ) LIOAE B SO IR R ), B
Sentence A NIl #, Sentence B NH#IA[1]. MifE_L—A R SUERAT 55 &%
BRBAERIRZ 5. FEAERENIXZENTE SWAG X — R4+, &Nk
HHAT B2 M (A R eh), P B Ao 5 Iy 55— FhiZ
PEAERE, PR E UL TR TS . 7R R BRI g s, SR )
JRCCE 38 B T ZEAE AR I 2 PR A . O FF A SR 2L B 5B JE U s () 1a] A X 4
TR H T AT BE A A B — o BT CAJE T X FERIE S, AE 18 B AE 55 o 1al BURE T 4
AT AN f5 82 R FAKIH °] LA e — R T BB ROCR

B, ST 1a] B[R] B ) R RAT T SR KRB R T, R E SR A Wi
EHAREE

8.2 WIRTRALIE

8.2.1 HINNTER

7 1E A 48 a0 o) 4 R 5 HE £E 2 AT FRAT TS SR IR 4 — A [l DA K L) o7 1)
DR TT 28 o I RAE AR RE R B SCGE KRR ZE A TR e BB B
AL PRS2 G S () A S T R T A AT IR EL TR, R e BRI S 2 AR,
B — AR OX A X B AT, BURAE R SO RS R 1T R sk
— PR IER R ULIX — A R, B RIE S E .

TE R [E X AMMES b (e RBrTUSHEELE) , YRGB LT
KIS 25 e K B E S 512 AR, AT DICREGHE 3l 6 1 (10 5 15 R e 1 B A 4
AT, & 8-2 fiis.
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[cLs] 7 HF 2 A ? [SEP] 77 & 2 db 3R & % AY ST [SEP] 0,0 100
[cLs] A H BB A ? [SEP] FH B B XL ¥ X 5 B JA [SEP] 0,0 100
[cLs]) A BB E A ? [SEP] R 5 ELJE X, B M B [SEP] 0,0 100
[cLs] R BB 2 A ? [SEP] , B M B WL A . [SEP][PAD] 9, 13 100

QEX A=V N max len = 18 {} window size =5

BER Mcuel

@53 | {}

FC & Softmax

8-2. [al@EIZEIENE DI IRRIE

7EE 8-2 X —sct, HOD F E A 2 ARIE 48 € f oK BN 3 B
CUR/INK SR AR A AT B0 i AR B AR B 2 A FREAR . A ix B 7 EE S R,
sentence A, WELE N EEH S A S 5iEshdE . [FR, & 8-2 FFEALIAN 3 7
P MR REFNF ARG W R I EIEFEARX N 1D, SHEEHQ@D
82K BT TR B R A I B AL R G 1 45 FAE N IR BRI RAsi il

SR, fEX— s IR IR A KR IR, RONREA SRR
OO R bR 2SR, R RT3 N S B R B A A AR R/ L ZE . B, ek
0 M 7E T Qo e R AR B R A e s E 1

8.2.2 LERIFIE

— o B O 1 5005 Bt A L T a5 L YN R A0 o 435 B Ao L 00 R %A
I K FAEANT LS5 5, AR %A TR AR FE A0 LA IO 45 5 o« AN i 1 i AR
KA 57 b — PR T U AR EE T 2 GRS SR TR B 20, HEBEA A
MR 8-3 i

i 8-3 i, (EHEFLIE FE TR SR QOB EA AT IH 22 7R AR YR 45 i s R KA
TS DR/ AR FEAR AT IS ) 8 1AL EE . 8255 55 QD AR IE BERT 42811
i AT K MR B RRISE R . /- 3 X B K ER 4, K FaA~F
FEA SR8 FL start position A1 end position 73 &8 A 4 AMEiESE R . Flun, FH@LH
% 1 47H) 7:0.41,10:02,9:0.12,2:01 F/RRKEGH X T2 1 DT FEAKYL, start
position N 5| 7 FIRMERIE N 0.41, HEFH.

XFEXS TR — AT REASR G, 765 5173 3 start position 1 end position ) K 4>
6% 396 FL J A AT DAJE I 40 6 >R AT 21 5 2 B3I T 45 5, AR 5 FRAR I — LB R ik
P 5 28 JE AR RE A I P TR0 4

MG 8-3 HAEAEM G R TR H: (L)RAMRT| RS €& K
T 811, AR ATREE LT X HEl; QTFE#ITERAAMIRE S, BHER
SIEERNTETERRLIM. Fit, MIEXHNFAEET PR LIS,
fEn] AR R — Dk . flan, 15 1 ATRASKEL, start position H
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7 M2 AR FAFQ)BY, FrUia] LB AR BN, SN 722 Q) D %R
7t end position ' 8, 6, 7 T E LB,

[cLs] 7 3 MR B A ? [SEP] 7 K =2 db R & & AU 3L [SEP] 100
[cLs] 7 E MR EE A ? [SEP] & B WXL F R 5 BUJA [SEP] 100
[cus] 7 E MR A ? [SEPl R 5 BiG X, B M B [SEP] 100
[cLs] A MRE A ? [SEP]1 , B M /& WL A . [SEP]1[PAD] 100

MDEMIMEAR maxlen =18 {} window size =5
BERT Model & Classification

QEEKM WML ) \

start position
(7:0.41]10:0.2[9:0.12| 2:0.1 )
(12:0.3[9:0.216:0.11[11:0.1)
(14:0.5]10:0.2[8:0.17] 9:0.1 )
(9:0.4 [11:0.3|8:0.15112:0.1)

end position
(12:0.3]8:0.13] 6:0.1 | 7:0.2)
(8:0.2 [7:0.13]9:0.12[12:0.1)
(12:0.3]9:0.16[12:0.1|10:0.1)
(20:0.3 | 13:0.2 | 11:0.1 | 9:0.08)

@i 5id & \

start position end position

]
@ s(10:0.2]9:0.12] ) | @03] | | )
]

(12:0.3[9:0.21] [11:01) 1 (80.2 | [9:0.12]12:0.1)
] [10:02]8:0.17] 9:0.1) i (21:0.3]9:0.16]12:0.1]10:0.1)
]

]

]

(9:0.4 [11:0.3]8:0.15[12:0.1) | (20:0.3]13:0.211:0.1]9:0.08)

8-3. [REEENE OHERLERE (—)
=2, KECW GRS RN FHEANTIEITHSE, H%E start
position /il end position {E I K/NEATHE, R LIS 210K 8-4 FisHI4s R .

start position end position

@ [co2[s5012] ) | @B | D

I
I
I
|
I
(12:0.3 | 9:0.21 | [11:01) © (802 | [9:0.12]12:0.1)
|
]
|
I
I
|

€ [10:0.2]8:0.17] 9:0.1) '+ (22:0.3[9:0.16]12:0.1[10:0.1)
(9:0.45[11:0.3[8:0.12[12:0.1) | “80.3 [13:0.2[11:0.1]9:0.08)

79
OHFSHRLER |
start @9 15100118 [o]8J12]9 [-)

end (13|11 |9 |23 [1nn|12]8 [12][11]..)

prob (0.65/0.55]/0.53] 0.5 | 0.5 | 0.5 [0.47[0.42|0.42] 0.4 [ 0.4 | )

8-4. [EJFWEEBThE OHEIERTALIERE (2D
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K 8-4 BRI RIEMERANHE T G5 . #lanss 1 %1 9, 13, 0.65 HIF
NAE R B AR IR REAR TR GE RN 9, 13 HIMERE N 0.65. K, AR ZJRIAFEA
X N2 A SO 5 AT DAEY 9 A 13,

8.2.3 IBERINE

FH T3 R B AL ot & R OB AR i DAE X B SR {5 FH 21 ()t 2 18 3
AT FE 20 SQUAD (The Stanford Question Answering Dataset 1.1 ) %i#54[19],
RIZE 78 — A~ in) @R 77 ZEA R M IR 4 H 25 SR B 1A B (AN B HR AL 1
REBATDIRFEAEZED .

MEE 8.1 T NAMINHRE, 1E BRI ZF X AME 5537 5 B 1 R Jir 2
AE %, RALFE@EEshE DoREMRIA, Bl 23R AT mAb B 5 51
WG IS T B R )R . [FIET, SQUAD U EEA B (&5 M tmg B 4%, AT LLX
FHNINK 7 HEAN B SR B B TAEMERE o W SRS KAR T A SQUAD Jdi 45 I #4 2t
AR AT DL Rk B R TRAHE 58 B N 25 o I T AR BT A 5 K B R —
BRI M R .

WKl 8-5 A s &2 4E SQUADL.L ZE e, EREARH— json #H
BARA R, HA MBI e B “data” H. 7] LUE ) data AR 2 — A
FF, AR A TTER AT LA B — s SCE, I DL BUE AT A7 i o i — 22,
TR SO R U, Ha i 8-6 Ak .

WKl 8-6 fiin, X1 data W EfE—RESCESK L, B “title” F1 “paragraphs”
XA T B K. 7] LLE B paragraphs & — N5, HFRE ANt R®ZN—AF
#, "ULEMERE R CEMNE T —ANBE, W8 EAH 20 LR SR
contexte Xf T-RE— B KU, HASH B ( “context” FB & T
5% X ( “gas” FBO , HEWWE 8-7 s

{
"data": [
{"title": "Super_Bowl_50"...},
{"title":"welcome to moon hotel","paragraphs": []},

{"title": "...","paragraphs": []}
1z
“"version": "1.1"
}
8-5. SQuAD HIEELEWE (—)
WE 8-7 Fran, X THREANBvR 0T R IR B gas ki, HE—MnR#SE
% ( “answers” FE . [ ( “question” FBO AID  “id” 7B T
B [ARF, X EF) “answer_start” HgZR7E context H A ZHAIRS], 1M
AR BARFE context LB, BT LG I TR EL AT et . MIRATTRR 2258
B8 A4 2 M B b R BCH 6F B2 ) context. question. start pos. end pos LA id

= B

Ei;m\o
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{
"data": [
{
"title": "Super_Bowl_50",
"paragraphs": [
{
"context": "Super Bowl 50 was an American football game
"qas": [
{
"answers": [...],
"question": "Which NFL team represented the AFC at
"id": "56be4dbBach8001400a502ec"
¥
{"id": "56be4dbBach8001400a502ed"...}
1
| 2
{Mcontext™:; .. ™. Taas? e "),
{Ycontext™: "V, ™ "gas? M M)
1
},
{"title":"welcome to moon hotel","paragraphs": []},
{"title": "...","paragraphs": []}
i
8-6. SQuAD iBELEE (2D
"gas": [
{

"answers": [
{
"answer_start": 177,
"text": "Denver Broncos"
}
1,
"question": "Which NFL team represented the AFC at Super Bowl 50?",
"id": "56be4dbB0ach8001400a502ec"

}
{"id": "56be4dbBach8001400a502ed"...}

8-7. SQuAD BIEEEWE (=)

B, X FHdEEE SQUADL.L INEEALS Bt /v 5E 1 T EM AT IR —
AL A AR R A AR
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8.2.4 BUIBEELE

FE1E A R AT A Bt S 2 AT AT R R STl — K Bk T — AR
BOHRE AL - 1&ﬁn&ﬂ]%?ﬁﬂﬁ"1¢#ﬂ"@l5§i?—’* batch, A4 HEEA KK
AL FE N AN Pl 8-8 Flrais o PR T3 SORF Rt a5 i B AN KO (8, B PAIX B gl DA
HSCREAT o, AN R AR

HHEBIERZFBNXFRSBUER, BMNBLA. FHEWEA? BMNELA
(BRE) RARMEN—&IT. (ERK) EEE? 7K

@EX =N max len = 18 @ window si;;e =5

[cLs] 7 B BP B A ? [SEP] 7 3 2 4k R & 4% 29 3T [SEP] 0,0 100
[cLs] A H BB 2 A ? [SEP] & & B X 3 K 5 BUIA [SEP] 0,0 100
[cus] A M E A ? [SEP] R 5 BIA K, B M JE [SEP] 0,0 100
[cus] A MF 2 A ? [sEP] , B M B WL A . [SEP] [PAD] 9, 13 100
[ces] KEMEDY £ & 2 [SEP] ( & XK ) 2 [SEP] 0,0 101

[cs] KEXE D 1 & 2 [ser] 2 75 H 81 1F 49 [SEP] 12,13 101
[cLs] K EXGE Y 1E & i ? [SEP] B9 — & ia . [SEP][PAD] 0,0 101

@Tokenize & Padding

[101, 5722, 6769, 1525, 7027, 782, 8043, 102, 5722, 6769, 3221, 1266, ..... , 102 ]
[101, 5722, 6769, 1525, 7027, 782, 8043, 102, 5865, 1399, 4638, 3152, ..... , 102 ]
[101, 517, 2137, 7599, 3797, 518, 868, 5442, 6443, 8043, 102, 517, 2137, .., 102]
[101, 517, 2137, 7599, 37¢ ", 518, 868, 5442, 6443, 8043, 102, 3221, 5722, ..., 102]

QMINEIRY - & [batch_size, seq_len]

BERT Model
[batch_size, seq_len,hidden_size]

PoE HEEH- b

FC & Softmax
+ #
[batch_size, seq_len] [batch_size, seq_len]

8-8. B E| ZEBHIEENERIZE
K 8-8 i, ﬁf’aﬂ?ﬁﬁ‘ﬁiﬂﬁﬁljE‘JLTIS‘%R%%E‘J%?(&E%D?%@J@
R /NHEAT W B AL ER , SR 5 P In) R R) b R SCHHERAE — M BN — AN 7 P15
ﬁnixﬂ“Elﬁ/\*?—?[CLS]%D/\BFJ?—?[SEP] HE P SO ERREA . RHE T
OB MR 1 7 2 #8453 Token id 3347 padding 4bFF, IS 3] T
ﬁ/\ﬂ%ji?'j[batch size,seq_len]i 2 4E5ERE, HIE 8 FEE@ DA € G TEAR A
[7,18] 1 45 R . AW, 7£ 28 @0 b ik EAR I & > 7 51 4 35 15 2 A5 B 1Y
attention_mask ] A1 token_types_ids [fj& (FFARE L) , I HEEKR G

s&[batch_size,seq_len].
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5, KEE@D A S 1 4E R E] BERT B, 7E4 5t BERT FRiFFEHL
o #4153 — AR A [batch_size,seq_len,hidden_size] ) 3 4EHFE, /o Fak Lk
— MR N [hidden_size, 2] (%8 B 4% T i [batch_size,seq_len, 2] TR, R A& X4
A~ Token #4772
8.2.4 HIEEHIE

FE U SEEH SR AL G IR B R BE T, N T AT gl ok 1 X A S I R N A 4R 1)
s AR . [FRE, 0T T TAL 3504 FAT 10T DALk R 4k 7K 2 i SCAR 7 AL 3 11X
A2k LoadSingleSentenceClassificationDataset, 44 & F- A4 2 B H: v (1 8 43 7 1< B
Al . [\, HFAERT LB TR 2wt tokenize AR A4 245 N B T VEARRIA
A, FrLAXE s WA AN R
(1) MEALRIRHE

DU B A AR S E 524 H  https://github.com/google-research/bert = 1)
run_squad.py A,
F1H: BRAMXE

MKl 8-7 AT LA th, SQUAD AR EIHE AL 45 HE I B Il K 28 R FEAS 2 AR R
start pos Al end pos, RIULIRATFHEH C 9’5 — M BRBCRIRYE answer_start 1 text
FRCOR IR RAE R A T SC i) start pos A1 end pos (EAiRIZZ D , SEIRACHD G
THIR:

1 @staticmethod
2 def get format text and word offset (text):
3
4 def is whitespace(c):
5 if c=""0or c="\t" or ¢c = "\r”
or ¢ == "\n” or ord(c) == 0x202F:
6 return True
7 return False
8
9 doc_tokens = []
10 char to word offset = []
11 prev is whitespace = True
12 # PLRIXAS for TEMIAE 24 SR 46 context HI R A A& 3EAT# Ak
13 for ¢ in text: # ifi)jj paragraph & FRF
14 if is_whitespace(c): # HIWr4RTFIRENER (FEEHK)
15 prev_is_whitespace = True
16 else:
17 if prev is whitespace: # UIHFI— TR AT
18 doc_tokens. append (c)
19 else:
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20 doc_tokens[-1] += ¢ # 7 list MRJG— Do Eh4ksuB 744
21 prev is whitespace = False

22 char to word offset. append(len(doc tokens) — 1)

23 return doc_tokens, char to word offset

un_EARRD BT R A2 R B AR ST I, R B N O 12-13 17, KK
7 RGP A — N, ARE HIB AT — AN PR R S A @ 15-
17 47, WERAT—DNFR R T4 R AR E A — N s, Btker
DLKEHITH 1 2 4S5 append F list AR R—/N 5] @ 18-19 17, WRAZES
7 N 11 SO 2 | B = il et = 7 10 R AP PR s e N I R RS SEWI I
B LA ST @RI, 55 21 47 FRIC S 280 24 150 55 0 8 Sl (1 2% 5
Wi, XFEARYE answer start 7BKRHL char_to_word_offset A%t WAy & 4B
3B T A RAE N SO R A A E

Bt U SCAR AR

1 text = “Architecturally, the school has a Catholic character. ”

PR # get_format_text_and_word_offset()i& 7] 1) 45 S8 2 .

1 doc tokens = [’ Architecturally,’, ’the’, ’school’, ’has’, 'a’, ’Catholic’,

2 " character.’ ],

3 char to word offset = [0, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, 0, O, 1,
4 I, 1, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 4, 4, 5, 5

L, ,

B 5 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6]

il anFim] school 7EJR4G text HIEIGA BN 21 (FRYHD , AR
char_to_word_offset[21]{# ] LAIR [5] f#) 2] school £ J51 46 XA I BN 2.

RIS, 20 B2 B AT RE R IR, 3R 9] /) doc_tokens H A A BAE IR LS A TS
I HAR Z Bial fE &0 tokenize JG b B3k 7 2 A E0 43, BRIGX B R &2 15 3|
— VI RIRGAE, JFEE S TIEIE.
F 20 EIEEE

R4 E 8-5 2IE 8-7 B, T IFRATTEEE L —ARBORN 5 a6 5 s 3t 17
LS BB FEAS SR 46 1 774 5 T 2

1 class LoadSQuADQuestionAnsweringDataset (

LoadSingleSentenceClassificationDataset) :

def init (self, doc stride=64,
max_query length=64,
n_best size=20,
max_answer length=30,
kwargs) :

super (LoadSQuADQuestionAnsweringDataset, self). init (kwargs)

© 0 N O O1 = W DN

self.doc_stride = doc_stride
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10 self.max_query length = max query length

11 self.n _best size = n _best size

12 self.max answer length = max answer length

13

14 def preprocessing(self, filepath, is training=True):
15 with open(filepath, 't’) as f:

16 raw data = json. loads (f.read())

17 data = raw datal data’]

18 examples = []

19 ......

E_EIRAREG A, B E LT 2K LoadSQUADQuestionAnsweringDataset -4k 7k
H 2 | i LoadSingleSentenceClassificationDataset 25; 25 9-q 177 R ~ig sh & 1
R, DL )RR e R BE s 5 14-19 4718 2 52 X preprocessing BRI i Sk %t J&
f json HE AT EEG, AR 17 473 [a] (R 2 A json 4% XU AR HR .
N6 7 json i 154 paragraph:

1 def preprocessing(self, filepath, is training=True):
2 # P LA
3 for i in tqdm(range(len(data)), ncols=80, desc="IFfEiiHt—EiE")
4 paragraphs = datali][ paragraphs’]
5 for j in range(len(paragraphs)) :
6 context = paragraphs[j][’ context’]
7 context_tokens, word offset =

self. get format text and word offset(context)
8 gas = paragraphs[j][ qas’]
9 for k in range(len(qgas)):
10 question text = qgas[k][ question’]
11 gqas id = qas[k][ id ]
12 if is training:
13 answer_offset = gas[k][ answers’ ][0][ answer start’ ]
14 orig answer text = qas[k][ answers’ J[0][ text ]
15 answer length = len(orig answer text)
16 start position = word offset[answer offset]
17 end position = word offset[answer offset +

answer length — 1]

18 actual text = 7 7. join(context tokens
19 [start position: (end position + 1)])
20 cleaned answer text =

” 7. join(orig answer text.strip().split())
21 if actual text.find(cleaned answer text) == -1:
22 logging. warning ("Could not find answer: ’%s’ vs.

"%s’”, actual text, cleaned answer text)

23 continue
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24 else:

25 start _position = None

26 end_position = None

27 orig answer_ text = None

28 examples. append([qas_id, question text,
orig answer text, ” 7. join(context tokens),
start position, end position])

29 return examples

fE FRARS 2 3-4 AT R I IR e E s R R — R 0 E; B 5-8 ATHIK
W [ 4 — s SC & H 4R paragraph,  SREUHE M AR S context A ] @- 25 5
55 9-11 1752 F >k [ BB paragraph A% B fET 22/ [l @A )t id; 28 12-23 4T
FKon, WARYETAL BB 2GR, 4 B H A XS B answer_offset
orig_answer_text F DLUIGIREU 6% 20t N R a6 62 B start_positin 145 AL B
end_position; 2 18-22 17 JJ i A Wr FL 5L R AR H kS 15457 B M context AR HX Y
HRREME, AENBGIEZAFEA; 28 25-27 172 H KA E I B LE .

wa, HREE IR A A 2 4B, WIEFIR TR EATCER N
1 DI, Fism@se AR, BRA ) context A, B E1E context FHFFIEME,

P RAE context HIKNEHME’ ]

Bl .

1 [[’ 5733be284776f41900661182", ’To whom did the Virgin Mary allegedly appear
in .... France?’, ’Saint Bernadette Soubirous’, ’Architecturally, the
school has a Catholic character...... 90, 921,

2 [’ 5733be2847764190066117f", ....]]

%3P BIERIEAE

7E LB, 133 A B SR tokenize 17~ AEAR 1L,
DR b 75 Bt — AT B IE . AR, R4 SCAR 7 (1895-1943) “IXKIE A I F 15 5
WA — A, (HETE tokenize fo 4 kA AR, BT LR B — R #4740
B, SEERRL AR Fros:

@staticmethod
def improve answer span(context tokens,
answer tokens,

start position,

1
2
3
4
5 end position):
6 new end = None

7 for i in range(start position, len(context tokens)):
8 if context tokens[i] != answer tokens[0]:

9 continue

10 for j in range (len(answer tokens)) :

11 if answer tokens[j] != context tokens[i + j]:
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12 break

13 new end = i + j

14 if new end - i + 1 == len(answer tokens):
15 return i, new_end

16 return start position, end position

76 _EIRARES A, context_tokens A EL4E tokenize J& 5 46 bR SC; answer_tokens
RIFGRE R AL tokenize JE 25 H, 0.
1 context = “Virgin mary reputedly appeared to Saint Bernadette Soubirous in

1858”

answer text = “Saint Bernadette Soubirous”
start _position = 5
end position = 7
context tokens: [ virgin’, 'mary , ' reputed, ##ly , ’appeared, ’to,
“saint’, bern’, #f#tade’, #Htte, 'so , #H#ub', ##tiro , ' #H#us', 'in’, 1858 ]
answer tokens: [ saint’, ’bern’, ’##ade’, ##tte’, so’, ##tub ,’ ##iro , ’##us’

DGR (8] f 38 e 1A B [6,13]

A0 2 T L 2 D B R B P A e e I 1 A B
answer_tokens AT, 1% context_tokens F T BEZE[F T answer_tokens,
bl S/ A EIF S SR oY A= RS pUAS S VA IR PN I DA =

FIE, % TR0,

~N O O1 B W DN

1 context = “The leader was John Smith (1895-1943).

2 answer test = “1985”

3 answer tokens: [71895”]

4 start position: 5

5 end position: 5

6 context tokens: [ the’, ’leader’, 'was’, ’john’, ’smith’,
7 ©(C, 1895, T, C1943, )7, ]

AR (BT A A7 B A N [6,6].
(2) EWBMAREAE

FEIE I AL B R % preprocessing()Je,  FATE T LIOKE— 20 R T 2l &
Ji R IER AR AN o T I AR RS e I, P DAZEAR T Tl 3 BRidk AT

e,

1 @cache

2 def data process(self, filepath, is training=False, postfix= cache’):

3 logging. info (f”## fHiH % 0¥E2h1E5), doc stride = {self.doc stride}”)

4 examples = self. preprocessing(filepath, is training)

5 all data = []

6 example id, feature id = 0, 1000000000

7 for example in tqdm(examples, ncols=80, desc="1F7Eiw A @ (B4 7)
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question tokens = self. tokenizer (example[1])

if len(question tokens) > self.max query length:# jul @il K ik47 450

10 question tokens = question tokens[:self.max query length]
11 question ids = [self.vocab[token] for token in question tokens]
12 question ids = [self.CLS IDX] + question ids + [self.SEP IDX]
13 context tokens = self. tokenizer (example[3])
14 context ids = [self.vocab[token] for token in context tokens]
15 logging. debug (f7 << HENFW example  >OO>>0>>>7)
16 logging. debug (f"## FAETALMEIE { name |

is training = {is training}”)
17 logging. debug (f”## W id: {example[0]}”)
18 logging. debug (f"## R4 text: {example[1]}”)
19 logging. debug (f"## JR#AHA text: {example[3]}”)
20 start _position, end position, answer text = —I, —1, None
21 if is_training:
22 start position, end position = example[4], example[5]
23 answer text = example[2]
24 answer tokens = self. tokenizer (answer text)
25 start position, end position = self. improve answer span(
26 context tokens, answer tokens, start position, end position)
27 rest len = self.max sen len — len(question ids) - |
28 context ids len = len(context ids)
29 logging. debug (f"## L F3cKEH: {context ids len}, FlRK

rest len A: {rest len}”)

7E _FIRARES R, 55 1 4T @cache FI1E 2K data_process()Ab 3 f5 i) &5 it 4T
ZEAE, LI N IR ESEMNAR IR LR, HAREF LS N E [27]: 67
AT W2 463k 77 preprocessing () ek 450 [ (& — 2% IR G HHfE ;. 565 8-14 47 Wl Ukt
LA 5 2 BT 75 R 0 s B 21-26 47 W& SR IREUAS 2 Zr B start_position.
end_position DL answer_text ; 5 27-28 472 AR5 context B B AR & 15
AT IR B D Ab P
DA ARG DI A2 3 3 T 1 AL RS 45
if context ids len > rest len: # KJEHid max sen len, 75 EHHTIH I EH L
logging. debug (f"##t BEANWFANE L oo )
s idx, e idx = 0, rest len
while True:
tmp context ids = context ids[s idx:e idx]
tmp_context tokens = [self.vocab.itos[item] for item
in tmp context ids]
input ids = torch. tensor (question ids +
tmp_context ids + [self.SEP IDX])
input tokens = [  [CLS]’ ] + question tokens +
[’ [SEP]’ ] +tmp context tokens + [’ [SEP] ]
105
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12 seg = [0] len(question ids) + [1] (len(input ids)
13 - len(question ids))
14 seg = torch. tensor (seg)
15 if is_training:
16 new_start position, new_end position = 0, 0
17 if start position >=s_idx and end position <= e idx:
18 logging. debug (f"# WG OHFEEE — > )
19 new_start position = start position — s_idx
20 new_end position = new _start position +
21 (end position — start position)
22 new start position += len(question ids)
23 new end position += len(question ids)
24 all data.append([example id, feature id, input ids,
25 seg, new start position, new _end position,
26 answer text, example[0], input tokens])
27 logging. debug (f”## start pos: {new start position}”)
28 logging. debug (f”## end pos: {new end position}”)
29 else:
30 all data.append([example id, feature id, input ids,
31 seg, start position, end position, answer text,
32 example[0], input tokens])
33 logging. debug (f”## start pos: {start position}”)
34 logging. debug (f”## end pos: {end position}”)
35 token to orig map =

self. get token to orig map(input tokens,
36 example[3], self. tokenizer)
37 all datal[-1]. append(token to orig map)
38 feature id += |
39 if e idx >= context_ids len:
40 break
41 s idx += self.doc stride
42 e idx += self.doc stride

7E BRI, B 4 ARADTF AR 2 NIB Bl i DR AL 3 s 28 5-14 47 )&
Pt 15 2 AH N P 864>, F04% inputids. input tokens Al segment ids £%; %5 15-
32 475245 B SRR TR0 I g N 7 B N TR R S B, FEFRE RIS
T — AN R IGFEALEN all_data 247 ; 25 32-36 417,21 [A145 input_tokens 4
A~ Token 7E Ji 46 1] HH Bt . A B 2R 5, 1% — 25 Flg 2 78 B e HE RS AR TR A5 21
He J TOU 45 SR FH 2o

B anIAEA 40 R Token:
1 input tokens = [’ [CLS]’, 'to’, ’whom’, ’did’, ’the’, ’virgin', ’ [SEP]’
2 ’architectural’, ’##ly, ’,’, ’the’, ’school’, "has’, ’a’, ’catholic’
3 ’character’, ’.’, ’[SEP’ ]
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AR R 3 Token £E B 46 R SCH A ZR 51 BRI -

1 origin context = “Architecturally, the Architecturally, test,
Architecturally, the school has a Catholic character. Welcome moon hotel”
2 orig map = {7: 4, 8: 4, 9: 4, 10: 5, 11: 6, 12: 7, 13: 8, 14: 9,15:10, 16: 10}
HA YRR, input_tokens[7]4 origin_context H Y 25 4 4~ H145]  Architecturally,
[@) ¥ input_tokens[10]-4 origin_context H1 [ 25 5 4N HA] the.
DA AR T 5 AR 2l & 1AL 2R AR 23

else:
2 input_ids = torch. tensor (question ids + context ids +
[self. SEP_IDX])
3 input tokens = [’ [CLS]’] + question tokens + [’ [SEP]’ ]
+ context tokens + [’ [SEP]’]
4 seg = [0] len(question ids) + [1] (len(input ids)
- len(question ids))
5 seg = torch. tensor (seg)
6 if is training:
7 start position += (len(question ids))
8 end position += (len(question ids))
9 token to orig map = self.get token to orig map(
input tokens, example[3], self.tokenizer)
10 all data.append([example id, feature id, input ids
seg, start position,
11 end position, answer text, example[0]
input tokens, token to orig map])
12 logging. debug (f”## input tokens: {input tokens}”)
13 logging. debug (f”## input ids: {input ids. tolist()}”)
14 logging. debug (f”## segment ids: {seg. tolist()}”)
15 logging. debug (f”## orig map: {token to orig map}”)
16 logging. debug (” \n”)
17 feature id += |
18 example id += 1
19 data = {"all data’: all data, 'max len’ : self.max sen len,
“examples’ : examples}
20 return data

Hrp all_data A TCER AN JRIGFEA idy JIZRRHE id. input_ids.
seg. HIAMIE . SR E . ZFRICAK. W@ id. input_tokens 1 ori_map.
(3) #Ji DataLoader

FESE AT 7 WA e, R EAEMIE &4 batch I X1 A 7 21 AT
padding i [A] ) #H B 1) Dataloader #& AN 5d Lt 2 MG ek 1. ik, HE

i B E LA R BOR G R — A batch, AARSU17R
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1 def generate batch(self, data batch):

2 batch input, batch seg, batch label, batch qid = [], [J], [1, []
3 batch example id, batch feature id, batch map = [], [], []

4 for item in data batch:

5 # item: [J#HFEA Id, YIZHHE id, input_ids, seg, JFif,

6 # GEYT, AR, WM id, input tokens, ori map]

7 batch example id.append (item[0]) # JstakEA Id

8 batch feature id.append(item[1]) & iIIZ45F id

9 batch input. append(item[2]) # input ids

10 batch seg.append(item[3]) # seg

11 batch label. append([item[4], item[5]]) # JFah, &5

12 batch qid. append(item[7]) # [7J/¥ id

13 batch map. append (item[9]) # ori map

14

15 batch input = pad sequence (batch input, # [batch size, max len]
16 padding value=self. PAD IDX, batch first=False,

17 max_len=self.max sen len) # [max len, batch size]
18 batch seg = pad sequence(batch seg, # [batch size, max len]

19 padding value=self. PAD IDX, batch first=False,
20 max_len=self.max sen len) # [max len, batch size]
21 batch label = torch. tensor (batch label, dtype=torch. long)
22 # [max len, batch size] , [max len, batch size] , [batch size, 2]

[batch size, ], [batch size, ]

23 return batch input, batch seg, batch label, batch qid

batch _example id, batch feature id, batch map

76 EiRARAGF, %5 1 47 A data_batch {2 data_process() &b ¥ 5 iR 7] f)
all_data; %5 4-13 47 2 &5 batch TR M &E; 5 15-21 17 2R 35 $5
€ 1240 max_len K347 padding ZbFE (¢ pad_sequence BRIEL I VELNAN 48 ILES
424 FTNE) 5 5 23472 FHKIR 1451 batch AbFE 5 ) 45 R

B2, s EIEdE X MY Dataloader, XRG4 :

1 def load train val test data(self, train file path=None,

2 val file path=None,

3 test file path=None,

4 only test=True):

5 doc_stride = str(self.doc stride)

6 max_sen len = str(self.max sen len)

7 max_query length = str(self.max query length)

8 postfix = doc stride +  ’ + max sen len +  ~ + max query length
9

data = self.data process(filepath=test file path,

10 is_training=False, postfix=postfix)
11 test data, examples = data[ all data’ ], datal examples’]
12 test iter = Dataloader(test data, batch size=self.batch size
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13 shuffle=False, collate fn=self. generate batch)
14 if only test:
15 return test iter, examples
16
17 data = self.data process(filepath=train file path,
18 is training=True, postfix=postfix)
19 train data, max sen len = datal all data’], data[ max len’]
20 , val data = train test split(train data, test size=0. 3,
random state=2021)
21 if self.max sen len == same :
22 self.max_sen_len = max_sen len
23 train iter = Dataloader (train data, batch size=self.batch size
24 shuffle=self.is sample shuffle, collate fn=self.generate batch)
25 val iter = Dataloader (val data, batch size=self.batch size,
26 shuffle=False, collate fn=self.generate batch)
27 logging. info (f"## MuhiREZERA ({len(train_iter.dataset)}) 4~ ”
28 " HRERA ({len(val iter.dataset)}) 47
29 7R EREA ({len(test iter.dataset)}) 4~.7)
30 return train iter, test iter, val iter

TE_ LIRS, 55 5-8 47 WL AR B 6 7 (188 Z Hok p i — AN s T b B 45
GATIIAHR; 25 9-15 4T (2 H R A IE 15 26 MIALE 1) Dataloader; 7£%5 20 1T
W BN IR AR T U ZREE X KI5 B T PRSI 7, FRAE 23-26 AT iR [l T PR
Xt N7 ) Dataloader .

A, X B TR T B E— R, N T 7 RS S0 T 25 AT b B,
M E R E T 0 uE A A IS &N FEAR B, B shuffle=False. 8 Jy 2 shuffle
N True i, &EUGELL for #3038 7 data_iter F A A I #5AS—FE

gk, XFFEEA SQUADL.L AR EHE E M RN A T .

(4) BERBI
5K BR3P IR 5, AT RS I R AR AT B SR A B -

1 from utils. data_helpers import LoadSQuADQuestionAnsweringDataset
2 from transformers import BertTokenizer

3 from Tasks. TaskForSQuADQuestionAnswering import ModelConfig

4

5 if name == main :

6 config = ModelConfig()

7 tokenizer = BertTokenizer. from pretrained(config. pretrained model dir)
8 data loader = LoadSQuADQuestionAnsweringDataset (

9 vocab_path=config. vocab_path,

10 tokenizer=tokenizer. tokenize, batch size=5, max sen len=120,
11 max position embeddings=512, pad index=0,

12 is sample shuffle=False,
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13 doc stride=8, max query length=5)
14
15 train_iter, test iter, val iter = data loader. \
16 load train val test data(test file path=config. test file path,
17 train file path=config. train file path,
18 only test=False)
19 for b_input, b seg, b label, b qid, b_example id, b feature id,
b map in train iter:
20 print (" >)
21 print (f”intput ids shape: {b input.shape}”) # [max len, batch size]
22 print (f"token type ids shape: {b seg. shape}”)# [max len, batch size]
23 print (b seg. transpose (0, 1).tolist())
24 print (b _label) # [batch size, 2]
25 print (b map) # [batch size]
26 for i in range (b input. size(-1)):
27 sample = b input. transpose (0, 1) [i]
28 start pos, end pos = b labell[i][0], b label[i][!]
29 strs = [data loader. vocab. itos[s] for s in sample] # Jii44 tokens
30 answer = 7 7. join(strs[start pos: (end pos+1)]).replace(” #1#”, ")
31 strs = 7 7. join(strs).replace(” ##”, ””).split( [SEP]")
32 question, context = strs[0], strs[l]
33 print (f”j1% 10: {b _qid[il}”)
34 print (f” 1. {question}”)
35 print (" E#i%%: {answer}”)
36 print (f"%4 %@ il-: {start pos, end pos}”)
37 print (f”example ID: {b example id[i]}”)
38 print (f”feature ID: {b feature id[il}”)

fE B AR, 28 15-18 AT (8 A& R Bl YN 2R 4R . 5 ik 48 AT 3 4 6 B FY
Dataloader; 5 19-25 47 & H >Rl il x4 th B4 batch [£dE; 28 27-38 1721k
Ji—A~ batch HJREAMEA,  FHEER 0T R SCARTE .

B, RS NG5 BB A0 R BR

1 —INFO: S AR E /BertWithPretrained/bert base uncased english/config. json

2 —INFO: ##8 I44pifc EF7 02 H &S+

3 —INFO: ### project dir = ~/BertWithPretrained

4 -INFO: ### dataset dir = ~/BertWithPretrained/data/SQuAD

5 —INFO: ### train file path = ~/BertWithPretrained/data/SQuAD/train—vl. 1. json
6 ......

7 -INFO: #### model save path = ~/BertWithPretrained/cache/model. pt

8 —INFO: ### n_best size = 10

9 —-INFO: ### max_answer len = 30

11 -INFO: 27" /BertWithPretrained/data/SQuAD/dev—v1 8 120 5.pt A{ifE, EHikbH!
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®@=

12
13
14
15
16
17
18
19

—INFO: ## ffH% 1¥EsNEs), doc_stride = 8

Frmphg—evE: 100%  HIHNETHEEEEEE| /3/438 [00:00<00:00, 60.80it/s]
EEBFENE A @ 0%] | 0/10570 [00:00<?, ?it/s]
—DEBUG: <LK #AHTHI example  >>0005000

-DEBUG: ## [EATAHESE utils. data helpers is training = False

-DEBUG: ## [l id: 56be4db0ach8001400a502ec

-DEBUG: ## Js#hi#& text:Which NFL team represented the AFC at Super Bowl 5079
-DEBUG: ## Ji#h#ii® text: Super Bowl 50 was an American football game to

determine the champion of the National Football League (NFL) for the 2015

season. The American Football Conference (AFC) champion ......

20
21
22
23

24

25

26

-DEBUG: ## L FxKEN: 157, F#EKE rest len i : 112

-DEBUG: ## g#0% C5t: (0, 112), example id: 0, feature id: 1000000000

-DEBUG: ## start pos:—1 end pos:—1 end pos:—1 end pos:-—1

-DEBUG: ## input tokens: [’ [CLS]’, ’which’, 'nfl’, ’team’, ’represented’

the’, ~[SEP]’, ’super’, ’bowl’, 50, ’was’, ~an’, ' american’, ’football’

game’, 'to, ’determine’, ’the’, ’champion’, ...... , " [SEP]’ ]
-DEBUG: ## input ids:[101, 2029, 5088, 2136, 3421, 1996, 102, 3565, 4605,
2753, 2001, 2019, 2137, 2374, 2208, 2000, 5646, 1996, 3410, 1997, 1996,
2120, 2374, 2223, 1006, 5088, 1007, 2005, 1996, 2325, ...... , 102]
-DEBUG: ## segment ids:[0, O, 0, O, O, O, O, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
, 1, 1, 1, 1, 1, 1, 1, 1, ...... 1]

-DEBUG: ## orig map:{7: 0, 8: 1, 9: 2, 10: 3, 11: 4, 12: 5, 13: 6, 14: 7,
15: 8, 16: 9, 17: 10, 18: 11, 19: 12, 20: 13, 21: 14, 22: 15, 23: 16,
24. 17, 25: 17, 26: 17, 27: 18, ...... }

-DEBUG:

% ID: 5733bf84d058e614000b61c1

W@: [CLS] in what year did the

IEMEZ: 1987

%% ik: (tensor (60), tensor (60))
example ID: 9

feature ID: 1000000125

% ID: 5733bf84d058e614000b61c1
W@. [CLS] in what year did the

IEMEZR: 1987

BL, X TEAYEEEM AT T o AR IEAERT T IX I 1] 8 0] 2 AR 1)

HH, FHSRRUEWAIRE GRS AT AT R P BATA R A, IR

=R HE

N EARTTAG AR SE S 1 il L] AR ) SEEL AR
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o] BMESS

8.3.1 AIEMEHE

BN 8.1 WA A, BATR T LA 46 BERT BLAY f 2Lt - IR 5 —
JERE R, REFIM— NI ZE R R] . R X B ARRD AR X SR U L AR A S
BEEEY 18

W 2-4 ffizn, {E BertForMultipleChoice.py #Etrf, B 57 EE L—LL
SRR UG R A, ARG R

1 from ..BasicBert.Bert import BertModel
2 import torch.nn as nn

3
4 class BertForQuestionAnswering (nn. Module) :
5
6 def init (self, config, bert pretrained model dir=None):
7 super (BertForQuestionAnswering, self). init ()
8 if bert pretrained model dir is not None:
9 self. bert = BertModel. from pretrained(config,
bert pretrained model dir)
10 else:
11 self.bert = BertModel (config)
12 self. ga outputs = nn.Linear (config. hidden size, 2)

£ EIRACRS Y, 57 8-11 AT [ ARARIEARRL 25 £ 8] —> BERT #2742 12
NRE ST DR,
SRJE A e A AT AL R AR, AU IR

1 def forward(self, input ids, attention mask=None,

2 token type ids=None, position ids=None,

3 start positions=None, end positions=None) :

4 _, all encoder outputs = self.bert(

5 input ids=input ids, attention mask=attention mask,

6 token type ids=token type ids, position ids=position_ ids)

7 sequence_output = all encoder outputs[-1] # Il Bert /o )= M4t
8 # sequence output: [src len, batch size, hidden size]

9 logits = self.qga outputs(sequence output) # [src len, batch size, 2]
10 start logits, end logits = logits.split(l, dim=-1)

11 # [src len,batch size,1] [src len, batch size, 1]

12 start logits = start logits. squeeze(-1). transpose(0, 1)

13 end logits = end logits. squeeze(-1). transpose (0, 1)

14 if start positions is not None and end positions is not None:

15 ignored index = start logits.size (1) # Ui A\ JF4IHIHEE

16 start positions.clamp (0, ignored index)
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17 end positions.clamp (0, ignored index)

18 loss fct = nn. CrossEntropyLoss(ignore index=ignored index)
19 start loss = loss fct(start logits, start positions)

20 end loss = loss fct(end logits, end positions)

21 return (start loss + end loss) / 2, start logits, end logits
22 else:

23 return start logits, end logits # [batch size, src len]

£ FIRARE Y, 2 4-7 A7 R AR R B R 46 BERT A HH4E 3, &
FUE R R RIX B ER BERT Ml ¥ &)e 1 B4R, mA G i —F
R E 1R 1AM E[CLSPY R R & . 2 9 AT 2 KRB HE R, ¥
RN [src_len, batch_size,2]. 5 10-13 47 M| /2 73 2% W ] start_logits A1 end_logits,
& IR & [batch_size,src_len]. 2 14-23 17 M) & AR 4 42 7578 PR8I B X6 N )
WO logits 18 ; 55 15-17 47 /2 FH SR AL BE 2445 %€ 1) start_positions T end_positions
FE[0,max_len]iX MG 2 AMf, PR H 20N 0 85 max_lens il a0 JEANFEAS D
GE07 B Y 520, T4 B KK 512 CBI LIS ignore_index=512) , A84 clamp_()
J7iER 224 520 B R 512, 4 SRR 1 T FRATT 0 HHE AL BRI R R B fE AR B 3L
WEIFAFAERZXFEREN, XERZUP T —. /£ 18 179, ZHrblZd
ignored_index 1f A4 2k TSI 1) ARG AL, A2 DRI D IX ey B S AN B AR A58 2 TR0l
R CRAEE MR A T , M2 2 5 1 YE R DL R 2 2 i SO Ol i
Ja, 5 19-20 172 it .

Bk, ST i) B AT 55 B A i SO 458 T, T DUE X — i R IEA

Ao FEREIX LK IH B U087 75 B A ) SR A RS IN) B A% 77 35 06 L4 B AT 3R, LA

fEX A — B A A B TE IR

8.3.2 &A%k

H5E, &l 2-5 FantE Tasks H 3k T#HiE— 144 TaskForSQUADQuestionA
nswering.py FIEH, SRJ5E X —1 ModelConfig kx4 K570 v (118 5 DA
K He A Ed g, HARS IR AR

1 class ModelConfig:

2 def init (self):

3 self. project dir =

os. path. dirname (os. path. dirname (os. path. abspath(  file )))

self. dataset dir = os.path. join(self.project dir, “data’, ’SQuAD’)
self. vocab path=os. path. join(self. pretrained model dir, ’vocab. txt’)
self. train file path=os. path. join(self. dataset dir, train—1.1. json )
self. test file path =os.path. join(self. dataset dir, ’dev-vl. 1. json’)

self.model save dir = os.path. join(self.project dir, ' cache’)

© 0 =3 O U1 >

self. logs save dir = os.path. join(self.project dir, ' logs’)
10 self.model save path = os.path. join(self.model save dir, 'model.pt’)

11 self.n best size = 10
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12 self.max answer len = 30

13 self. is sample shuffle = True

14 self.use torch multi head = False

15 self.max sen len = 384

16 self.max query len = 64 #

17 self. doc stride = 128

18 self. epochs = 2

19 self.model val per epoch = |

20 logger init(log file name="qa’, log level=logging. DEBUG,
21 log dir=self. logs save dir)

7E FRARS B 11 AT RN TN H B S AT S AR, R E PRI
B, XABE T —/DRITAE. 8 12 T RIESHEIR AT IR IER, &R
KK ERIRRS] . 2 13 TR B IIGERITHEL. 5 14 [TRR2 A
PyTorch H () multinead =28, 405~ False M{# F 5 H MyTransformer.py H %2
SKER AT, E 2 True WS torch.nn.MultiheadAttention H 122 Skt &
F19 . 5 15 47 R KA TR, RI[CLS] + question ids + [SEP] + context ids
+ [SEPIHIACE . 56 16 AT 2 M I KA L, B AR U EAT 8 . 38 17 47 72#
B N — I s K

SR, BAMENT LLE SCRREL train() R 52 B 2 (11 Sk -

1 def train(config):

2 model = BertForQuestionAnswering(config, config. pretrained model dir)
3 if os.path. exists(config. model save path):

4 loaded paras = torch. load(config. model save path)

5 model. load state dict(loaded paras)

6 logging. info ("## WMINEA AL, FATEMIZ. ... .. )

7 tokenize = BertTokenizer. from pretrained(config. pretrained model dir)
8 data loader = LoadSQuADQuestionAnsweringDataset (

9 vocab path=config. vocab path,

10 tokenizer=tokenize. tokenize, batch size=config. batch size,
11 max sen len=config. max sen len,

12 max query length=config.max query len,

13 max position embeddings=config.max position embeddings
14 pad index=config. pad token id,

15 is sample shuffle=config.is sample shuffle,

16 doc_stride=config. doc stride)

17 train iter, test iter, val iter = \

18 data loader. load train val test data(

19 train file path=config. train file path,

20 test file path=config. test file path, only test=False)
21 1r scheduler = get scheduler (name="linear’, optimizer=optimizer,

22 num warmup steps=int (len(train iter) 0),
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23 num training steps=int(config. epochs len(train iter)))
24 max acc = 0
25 for epoch in range(config. epochs) :
26 for idx, (batch input, batch seg, batch label, , , , )

in enumerate(train iter):
27 padding mask=(batch input== data loader.PAD IDX).transpose(0, 1)
28 loss, start logits, end logits = model (input ids=batch input,
29 attention mask=padding mask, token type ids=batch seg,
30 position ids=None, start positions=batch labell:, 0],
31 end positions=batch labell:, 1])
32 1r scheduler. step()
3 L.
34 if idx % 100 ==
35 y pred = [start logits.argmax (1), end logits.argmax(l)]
36 y true = [batch label[:, 0], batch labell[:, 1]]
37 show result (batch input, data loader. vocab. itos, y predy true)
38 if (epoch + 1) % config.model val per epoch == 0:
39 acc = evaluate(val iter, model, config. device,

data loader.PAD IDX, False)
40 logging. info (f”## Acc on val: {round(acc, 4)} max :{max acc}”)

£ BRI, 5 2 AT IR B R AR . 2R 3-6 1T R BN A R A AT
BINIZR. 5 8-20 AT ARFEXS M SRR M R4 . SiE SR 4E . 5 21-23 17
e AN AR (ZAEIENGE R IC R EED o 5 25-40 /T2 1IEXTT4
BEANRI N Rt R, FeAr s 37 47 [ show_result b8 #ie HI K 2 I ZRI (9
FRIEE R . 5 39 AT R THE MR AU IR b AR ERHE S .

fJa, BALIZRE AR ok 2 A SR R A5

1 — INFO: Epoch:0, Batch[810/7387] Train loss: 0.998, Train acc: 0.708

2 — INFO: Epoch:0, Batch[820/7387] Train loss: 1.130, Train acc: 0.708

3 — INFO: Epoch:0, Batch[830/7387] Train loss: 1.960, Train acc: 0.375

4 — INFO: Epoch:0, Batch[840/7387] Train loss: 1.933, Train acc: 0.542

® cooooc

6 — INFO: ##i#t Quesiotn:[CLS] when was the first university in switzerland

founded. .
7 — INFO: ## Predicted answer: 1460
8 — INFO: ## True answer: 1460
9 - INFO: #tt True answer idx: (tensor (46, tensor (47))
10 — INFO: ### Quesiotn:[CLS] how many wards in plymouth elect two councillors?
11 - INFO: ## Predicted answer: 17 of which elect three .....
12 - INFO: ## True answer: three
13 — INFO: #tt True answer idx: (tensor (25, tensor(25))
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@

B, FEAE R BIAYIZE G M E5E 7. N, AT IEREEA
AP AT HEE S 0 A4
8.4 1REIHEIF

BN IX B2 BT AR (A S A B N — AN NATREAT A 4, =R
X WX T SQUAD IXMESRILIEH BB I HN AR Z . WX
BACPEAGE, B4 B 45 2 1) 45 BN JFE 618 S i S5 R AT Rest 74 10 A i)
Zih . Bt EMAAES IR 1k SRS SO AR S R I R, A
W T IR I,
8.4.1 HBIVE(,

5k, oAl 175 BAE TaskForSQUADQuestionAnswering.py SCAH 5 SC— P iEAY
BRI BRI R TR F R Bt SRR AT VAL o 78 HE A I8 12 pR B W] LLIR [R5 NFREA
XN logits T, SR FRIZ IR 8-3 AN 8-4 17 VLM E 3 24N R UAFE
APV TRINZE 55 T AEAEHERR B B, 38 [ ) ) 2 B A A A T & SR 56 7 () fE A
o ARSI

1 def evaluate(data iter, model, device, PAD IDX, inference=False):

2 model. eval ()

3 with torch.no grad():

4 acc_sum, n = 0.0, 0O

5 all results = collections. defaultdict(list)

6 for batch_input, batch seg, batch label, batch gid, _,

7 batch feature id, in data iter:

8 batch input = batch input. to(device)

9 batch seg = batch seg. to(device)

10 batch label = batch label. to(device)

11 padding mask = (batch input == PAD IDX). transpose (0, 1)

12 start logits, end logits = model (input ids=batch input,

13 attention mask=padding mask, token type ids=batch seg,
14 position ids=None)

15

16 all results[batch qid[0]]. append([batch feature id[0],

17 start logits. cpu(). numpy (). reshape (1),

18 end logits. cpu(). numpy (). reshape (-1)])

19 if not inference:

20 acc_sum start = (start logits.argmax(l) ==

21 batch label[:, 0]).float().sum().item()
22 acc_sum end = (end logits.argmax(l) ==

23 batch label[:, 1]).float().sum().item()
24 acc sum += (acc sum start + acc sum end)

25 n += len(batch label)
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26 model. train()
27 if inference:
28 return all results
29 return acc sum / (2 n)

78 ERARS A, 55 5 AT 2 Sk e C—MBRIA value {87 list 1784,
VEAN A 2 WOCE[20]. 56 12-14 4752 5R [l —A batch BT A FEAS B TF 46
MEERALE R logits; 55 16-18 47 W4 [F]—ANr) & B A A 1) i 5 5 Ak
TER—A list 1, 3 H R 24 batch_size=1 I {R1ERI45 BA R EHER . & 20-25
AT M52 Se it start position 1 end position T IEAf 15 55 27-29 17 R IEA
5] 1) 2% A [ logits BRHERAZR . A T IX/NPEAG BRI AL, FRATT AT DAAE I 2R ik [ 455 2
TEIRAEEE FROERAR, {EHEBET IR [RIB AR A 4E 1 logits.

8.4.2 1REIHETH

TESE A BRBUE UG, FRATT R 75 ZEHL{E TaskForSQUADQuestionAnswering.
py BiB A e SC—AN T HERE 1 ek B T DAE RS I 5 45 o 0k A g A T A R
T R (5] A0 B2 logits 25 5 SEARIS 4N R flr s :

1 def inference(config):

2 tokenize = BertTokenizer. from pretrained(config. pretrained model dir).
3 data loader = LoadSQuADQuestionAnsweringDataset (config. vocab path,
4 tokenizer=tokenize. tokenize, batch _size=1,

max sen len=config.max sen len,

B doc stride=config. doc stride,max query length=config.max query len,
6 max answer length=config.max answer len,

7 max position embeddings=config.max position embeddings

8 pad index=config. pad token id, n best size=config.n best size)

9 test iter, all examples = data loader.load train val test data(

10 test file path=config. test file path, only test=True)

11 model = BertForQuestionAnswering(config, config. pretrained model dir)
12 if os.path. exists(config. model save path):

13 loaded paras = torch. load(config. model save path)

14 model. load state dict(loaded paras)

15 logging. info ("## MINEMACHKE!, JHAETHIL. ... .. )

16 else:

17 raise ValueError (f”## 447 {config. model save path} ~fEfE,

18 £ R B A B SR IZRREEL. )

19 model = model. to(config. device)

20 all result logits = evaluate(test iter, model, config.device

21 data loader.PAD IDX, inference=True)

22 data loader.write prediction(test iter, all examples,

23 all result logits, config.dataset dir)
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£ FIRARES Y, 5 3-10 AT /2 AR AH B IR 8 2 HOk R [DeE R RS, Hodh 7R 22
VER— S E S 4 171 batch_size HEEE 1, KN evaluate BR #1158 16
RIS AT LAE i, FRATECRAF T AR A1 25 AL B 1) logits I & — 2kl sk — gkl skt
ITPRAEI CHIMRB AT DUATE 0 5 5 11-15 1752 VI ZRUF ORAFAE A Hh 1) 2450
REFWIMEAEAL, 25 20-21 17 213 2R HE PEAG R 2 evaluate()i [l B JF 46 FF
KA TREARITN logits 455 55 22-23 47 M2 AR IR [51 (1) logits MR K] 8-
3 AN 8-4 (1) Ji B R 5 106 15 21 e 24 1 PN 425 SR
8.4.3 LERIFIX

X TR R UL, REERNR SRR P RE. BT X
WHMAE K, TULEMRERSESRET AR, T, HATREEAE
LoadSQuUADQuestionAnsweringDataset H FF¥s il—~> write_prediction() 7775 H T
H4 I i R TIO 45 SR E N B A SR

1 def write prediction(self, test iter,all examples, logits data, output dir):
2 qid to example context = {}

3 for example in all examples:

4 context = example[3]

5 context list = context. split()

6 gqid to example context[example[0]] = context list

7 PrelimPrediction = collections. namedtuple (

8 "PrelimPrediction”,

9 [“text”, ”start index”, “end index”, ”“start logit”, “end logit”])
10 prelim predictions = collections. defaultdict (list)

£ ERARES 25 2-6 47 F T 3REUAS 2IREAS qid XA E RS Token, IXAE
JE THTARE qid {8 RESRENAS B0 BEA™ Ia] @GR R SCH Token, ZRLT
1 {1 5733be284776f41900661181 : [’ Architecturally,’, ’the’, ’school’, ’has’, 'a’,
> 7 the’, 'Main’, ”“Building’s”, ’gold’],...}
5 7-10 47 M43 A5 XA AR T ATER A value 5138 1 7 (g 1 f5 48
i H[20].
B2, FATHE S AR R RN RN (FREASD , FREUHN B logits
Tt &5 R gk AT e, LA T .
for b input, , , b qid, , b feature id, b map in
tgdm(test iter, ncols=80, desc="I1F{iijfFikZz"):
all logits = logits datalb qid[0]]
for logits in all logits:
if logits[0] != b feature id[0]:
continue

’Catholic’, ’character.’, ’Atop

~N O O1 B W DN~

start indexes=self. get best indexes(logits[l],

self.n best size)
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8 end indexes=seclf. get best indexes(logits[2], self.n best size)

fE BRI, 58 14T FORAF 2 00 & 1D XL A logits 458, BIAH T
TEShE T ARG — 1 context AT ARG 2 2 MR REAR . 28 4-6 TRk
WS AT REAS X 7 14 logits TRINGS 5, k247 FRE AT R logits Z2W . 45 7-
8 PIAT I I KR BT i n_best_size MEFRAE i KRR 5], HAt/2& 8-3 i
@, 540 start_index {5 % (E AT BE &£ [23,45,33,24], end_indexes F % H AT g
#[19,35,28,56]-

FEAF RN 2 MR RIS KR 51, (875 20 HAZ Sk AR AT Rl S A i ke, Sk
PRARAS 4R

1 for start index in start indexes:

2 for end index in end indexes: # i EAEMNSE RHS
3 if start index >= b input. size(0):

4 continue # 24z KT token K, ZHE
5 if end index >= b input. size (0):

6 continue # Z5iZEGIKT token K&, 2K
7 if start index not in b mapl0]:

8 continue

9 if end index not in b map[0]:

10 continue

11 if end index < start index:

12 continue

13 length = end index - start index + |

14 if length > self.max answer length:

15 continue

76 _ERARAG A, 55 1-2 47 A for FE 34 B SRAK 1 J7 6 [start_index,end_index]
Hes 5 3-6 TN RS IERFFEMLE RALE K TRANTF I ERIEN . 2 7-10 1T
W2 SR It I FF UG AN 2 SR AT BANE 41T FE A LB R b_map HH TS L,
A~ b_map " key #& b_input H. -~ ¢ Token 7£ b_input {12 5] .

A0 T 40 25 SR
1 input tokens = [’ [CLS]’, ’'what’, ’'is’, ’in’, 'front’, ’of’, ’the’, 'notre’,

“dame’, ’'main’, ’building’, ’[SEP]’, ’character’, ’.’, ’atop’, ’the’, ... ]
2 orig map = {12: 6, 13: 6, 14: 7, 15: 8, 16: 9, ....}

orig_map H 12:6 1) 12 F/5#iA character 7£ input_tokens F1f) 2 5] & 12,
14: 7 ) 14 Fox 7] atop £E input_tokens H1 K1 5] S 14, PR T B F4S
B[R FF UG AN &5 TR A B # N A% AE orig_map [ key 2471,

[FR, 25 11-12 TR M RIS e AR AL B R T H A BTSN 2 13-15 17
D R Y 2K R T 1€ I KK IS Ot

TESERIX — 2 J5, FRAME AT ARR 468 075 126 15 21 (1) 128 25 5T B A Fi0i 24
FOUA, AT
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© 0 N O O1 B W DN o~

— = = =
wWw N = O

15
16
17
18

token ids = b input. transpose (0, 1) [0]
strs = [self.vocab. itos[s] for s in token ids]
tok text=" ”. join(strs[start index: (end index + 1)])
tok text=tok text.replace(” ##”,””).replace("##”,””)
tok text = tok text.strip()
tok text = 7 7. join(tok text.split())
orig doc start = b mapl[0][start index]
orig doc end = b map[0][end index]
orig tokens = qid to example context[b qid[0]]
lorig doc start: (orig doc end + 1)]
orig text = 7 7. join(orig tokens)
final text=self.get final text(tok text, orig text)
prelim predictions[b qid[0]]. append(
_PrelimPrediction(text=final text,

start index=int(start index),

end index=int (end index),

start logit=float(logits[l][start index]),

end logit=float(logits[2][end index])))

2 IR AR g, B 1-6 4T A T AR 100U 45 B (0 T U o5 R A7 BB R
input_token 3R B JE IZF .58 7-11 47 M2 Se iR 4 i 45 21 ) AR 45 A7 B AE
b_map F RIS MAE SR UG BRSO RS A B, AR E AR TR ST EREL
BIEHIER. B 12 17N get_final_text & HCRXT LA 7 IR 2 oK
IR A B 2 5 52 o B 13-18 AT 2 4 5 I 1 45 SR LA i 44 A o 4l 1 T =R A7 B - i

w5, AFHEERLES] prelim_predictions B 45 BT HEE ARG 5 A\ B A Hy
BT, ARG T

© 0 N O O1 » W NN~

— =
= O

for k, v in prelim predictions. items() :

prelim predictions[k] = sorted(prelim predictions[k],
key=lambda x: (x.start logit + x.end logit), reverse=True)

best results, all n best results = {}, {}

for k, v in prelim predictions. items() :
best results[k] = v[0]. text # EURIFMHMIE—A4E
all_n_best_results[k] = v # {R{EFA LR

with open (os. path. join(output dir, f”best result. json”), 'w ) as f:
f.write (json. dumps (best results, indent=4) + \n’)

with open (os. path. join(output dir, f”best n result. json”), w ) as f:
f.write(json. dumps(all n best results, indent=4) + \n’)

£ EIRACRS A, 57 1-3 ATACRS 2 XS R qid X R K BT AT 00 5 52 44 1 start_lo
git+end_logit A R/NEEATHE .28 5-7 AT R BRI A TN 45 K5 e B AR R n AT
iR a2t o 5 811 AT KX I EE R G N B

HERBTMEER G, RFESAT W MU 13 2 5 & P 45 R -

1 python evaluate—-vl. . py dev—vl. 1. json best result. json
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2
3 “exact match”: {80.879848628193, ”“f1”: 88. 338!

W

5}

Fk, XFFEEA SQUAD T4 AT 2 A H5E T, ANk HEAEAK IR 3R 2
WAL B AR P 58 SC R TN R 22 5 2N 300 B RS S, 2> R AR S 3B

SR, 3T BERT #iAUK) SQUAD A1 ZAF 55 MR FE ElRiFIFAHE, MRt
SHEAE QAR S8 5 — SR TG SR TRAL HEAE AR, DA K are] — 25 20 b 5 16 79 2 e S I 45 R
IFEEA CE B BALK HERT T A YT, AR REREEAE N LT —P—0
[ B EAE AT
8.5 AT <ol

TR NLP (A SAT S, B DL — A I A 2 A N\ 7 8103 K i i 2
AT A0 . B AnTE A O IR I TR R Y o, B KA E R SCRF 512 4™ Token.
X6 TS A I ) RN 1% 5 AT AL BEIE 2 A f AL PRk AT AR T AL T R 2

SRR, XX 2 )R] DA PR 5 SORIEAT g s 56 1 R TN T,
il e fee KK P S 512 TRRR )5 28 2 Fig NI AN T, BUBHI N 781 (1K 5 =
WRIIEATLSS . N, FEAHAR RN X B A 7 50 B AR i

8.5.1 jEHIRIKERFI

RYEEE 2.3.2 FWABEMNARTEL, 61 BERT MZS BRI S i KK
8 512 ] token %] (B $E[CLS]. [SEP]&:4FA token) o K, ERIAEZETATIE
CAEIFIR NGB, 50040 52 Bl R A OF IR P 2R Y, IR 400X
AR B R ANF 2 BRFIAE 5120 44R, FRAMKIAA FRE T DRI AN R A1), 8
e BT UA 1k Positional Embedding FF I, FERFET 512 AR EF Rk
17 e, R B 0 A BE LT A6 A A B AE TR R EBEAT R BRI . XA, X
T I 9 R R PR A B R R A AR A K ) S B R R IE R T, T
A 4k 22K AT d i A 47 S

AR E 4.3.2 A5hxt )5 from_pretrained 428 A1 %0, T SR A8 B2 58 g6t T
Positional Embedding ZZ 8 F1E M, I TEIZR EVIR S EU T FE ot 75 B4R
FX—E, RIS B, BRI T
def replace 512 position(init embedding, loaded embedding) :

logging. info (f”#% %% max positional embedding> 512, RFAZ#utrE! ”)

init embedding[:512, :] = loaded embedding[:512, :]

return init embedding

75234

1

@classmethod
def from pretrained(cls, config, pretrained model dir=None) :

model = cls(config)

© 0 N O O1 » W NN~

pretrained model path = os. path. join(pretrained model dir,

“pytorch model.bin”)
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10 if not os. path. exists (pretrained model path):

11 raise ValueError (f”(#%!: {pretrained model path} 7! >7)

12 loaded paras = torch. load(pretrained model path)

13 state dict = deepcopy(model. state dict())

14 loaded paras names = list(loaded paras. keys()) [:-8]

15 model paras names = list(state dict.keys())[1:]

16 for i in range (len(loaded paras names)):

17 logging. debug (f"## Iz : {loaded paras names[i]}IR{E%
{model paras names[i]},”

18 "S5k A {state dict[model paras names[i]].size()}”)

19 if “position embeddings” in model paras names[il]:

20 if config.max position embeddings > 512:

21 new embedding = replace 512 position/(

22 state dict[model paras names[i]]

23 loaded paras[loaded paras names[i]])

24 state dict[model paras names[i]] = new embedding

25 continue

26 state dict[model paras names[i]] =

loaded paras[loaded paras names[i]]
27 model. load state dict(state dict)
28 return model

7E EaRAAS 28 1-4 47525 AN B YT Positional Embedding JZH 12
BT B ¥, 56 19 172 AW 417 2502 15 4 Positional Embedding JZ 1 124
% 20 AT/ H KB max_position_embeddings #8id 512 IF, UK R 4% A5 AL o
Positional Embedding 2 /i 512 /A & FH #i)Il 4% 74 1 1) Positional Embedding
BT B4

I IR, FATTEE BN TR ZRASE Y i) [R] I gl s D I 2% 2 B LA 46 40
Positional Embedding H' i A7 512 A~ [A &= & #: v 1 T B AL Positional
Embedding #1128, fEIX 2 J5 , FIARER 7 IS H0RT DUl I T AR 55 R 24T 10
AT LLYE — 284kl AR YE NSP Al MLM AT 25384711 5

BEIs,  FRATTAT Bl BLR 5 2R HEAT Sk -

1 from model. BasicBert.Bert import BertModel
2 from model. BasicBert. BertConfig import BertConfig

3

4 if name ==’ main :

5 json file = .. /bert base chinese/config. json’

6 config = BertConfig. from json file(json file)

7 config. max position embeddings = 567

8 model = BertModel. from pretrained(config,

9 pretrained model dir="../bert base chinese”)
10 for param tensor in model. state dict():
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@t
11 print (param tensor, “\t”, model.state dict() [param tensor].size())
R TSR R SRR
1 bert embeddings.position ids torch. Size([1, 567])

2 bert embeddings. word embeddings. embedding. weight  torch.Size([21128, 768])

3 bert embeddings. position embeddings. embedding. weight  torch. Size ([567, 768])
4 bert embeddings. token type embeddings. embedding. weight  torch.Size([2, 768])
5 bert embeddings. LayerNorm. weight  torch. Size ([768])

6 bert embeddings. LayerNorm. bias  torch. Size([768])

M iR EE R 3 47 AT LAF Y, AT Positional Embedding EZ# IR E 4
AZ Rl 1 [567,768].

B, XFEE 1 A i v PR A R FR ) SR D N T B K B T VA 4
56 1 o BN RIRATLRE KT anfar A Fan N 110 # B SR A 3K — [l i

8.5.2 EFAHEIA

FIT 1 B A 2R A N 0 T R ke SO SR AR I N T A, A 7 L R B8
AL/ T 512 (K E HL R BE 68 56 55 AR IR R ST 55 491 G A 7 S RH 2 1) 5 5K
iR EE T KT 512 MRy B LR AT 512 4> Token 5 5 512
A~ Tokeno 48R, BRILZ AN 55 4h—Fh o0 & WA (0208 2 R I 3 i e T A3
B anFRATLESS 8.2 T BT E 2 SQUAD [1] @ [A] B AT 45 Hr AR BE 5 5. 1 THT AR Al
F AR R BIRA G — T R 3 & O A3 72

XTSRS FRIXA sk i, FATAT DLR R AA R A DLV 3 i A 47Kk
FERER B Z DT SR X LR AR E NI ZREE R R s B e fEHER
B B IR R B AR (1) 7 SO0 S A R A AT A B8, FEIE B FREAR MRS B K
bR ZEAE R S AR A AR 25

T T X, Bitsz—R. XF REEZHR, ZKIZES.

ATEERTENREN -0, BHY

max len = 10 {} window size = 2

REEZMBE, FKII 200

max len =10 {} window size =2
FIEM T XM, BIEE XF 100 EZMEB, RKIIZEX 200

BT RN, WREZ— X3 100 | |BABR, HKIZES . 200
X, BWeBEZ—F. ¥ 100 | e ‘@

ATEHETENNH— B 101
BREETENLOH—1T5 B 10
EHENMHN—ToX. B 1w

( BERT Model

. 2

{ 200:[[0.45,0.55], [0.6,0.4], [0.7,0.3]] }
Fl4%:0.55, 3C¥:0.6, 3LF:0.7

(o )

v

‘ BERT Model |

gk 323
8-9. XA AFHEOLERIZ

UnTEl 8-9 Pl il & B AR M AL BRIRRE , b 22 NI GRER oy, A7 TN HHEEEER 77
FERATLYIZRBr B, 5 ZE5e R R SR AR A $2 I [ 5 I AN B 1 R AT 1S 315 2UAR
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RLH)TAREAS . Bt 8-9 il JRARFEA « Ayl TR M, W — 37 Ml
TR T 3 TREAR, J HARE MR R IaREA . [N, 7 X ANF R AAREA 2 1]
I TREAR, LEME TREAIS IS 73 0N b T JRAGFEAK BN 1D fJm, A JR 4
FEAR R IERT B B T AEAAE IR AR 2R BRI AT

FEHERRBY B, W TR JRAGRE AR U [F) R 22 S 42 R ZR A hyadi i 10 07 2Nk AT
AEFE. ERRIZ A TREA S f 0 s kAT 2 FOFRIEREAS 1D KR —A4> 1D X
BRI FTA 73 245 RTRCE i, o BUME R s K BB B D B AR R A 1 F00 245 R )
. BN 8-9 43k, “HELEZAUR, KKILZ LT 7 XA PRIAHEA L BG5S
7 3ANTHA, KA BERT 70 BB G 3 TR I 3t 17 “FHEL 3C
T X 3K, mE W HBEIEFEMRE R KRR (OCF0.7) fEAJE
JRFEAS ) TUAH o

IR, BRI AN DL RS TR AT LR KA A 5 KR TN &5 SR A
H, SRJ5 T DASE B2 ) SEAE e 9 e ¢ SR AR RE A (R TR &5 R o B an A R G A A
SN E N ERE T 5 DT, WTENTREARIATE AT K M
FAE KT 25 5 s SR 5 W] DA AR S 00 07 2ok ok 5 TR AR R A 1 T 2531 o

R s 2 — B R SR R B0 i AL B R B AR TR RS
1 import numpy as np
2 np. random. seed (2021)

3 def data process(samples, labels, window size, max len):
4 data,uid = [], 100

5 for sample, label in zip(samples, labels):

6 if len(sample) <= max len:

7 data. append ([uid, sample, label])

8 continue

9 s idx, e idx = 0, max len

10 while True:

11 s = sample[s idx:e idx]

12 data. append ([uid, s, label])

13 if e idx >= len(sample):

14 break

15 s idx += window size

16 e idx += window size

17 uid += |

18 return data

19

20 if name == main

21 samples = np. random. randint (0, 100, [5, 20])
22 labels = [0, 0, 2, 1, 3]

23 print (samples)

24 data = data process(samples, labels, window size=6, max len=10)

25 print (data)
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FEWRAE WS & HACFRRT, i samples (%t &5 R 40 R Bk :

1 [[85 57 0 94 86 44 62 91 29 21 93 24 12 70 70 33 7 1 97 26]
2 [66 48 99 63 49 16 50 54 52 93 5 49 38 14 71 85 70 41 21 25]
3 [10 36 19 57 82 90 15 40 76 53 11 19 33 78 17 89 50 7 27 63]
4 [51 925 71 84 27 75 27 19 31 50 89 27 18 53 32 20 95 87 3]
5 [97 20 18 70 38 90 53 62 93 26 47 91 60 7 93 33 89 37 95 48]]

7E483d data_process() B B AL 2 J5 N 4348 A«

1 [[100, array([85, 57, 0, 94, 86, 44, 62, 91, 29, 21]), 0],

2 [100, array([62, 91, 29, 21, 93, 24, 12, 70, 70, 331), 0],

3 [100, array([12, 70, 70, 33, 7, 1, 97, 26]), 0],

4 [101, array([66, 48, 99, 63, 49, 16, 50, 54, 52, 931), 01,

5 [101, array([50, 54, 52, 93, 5, 49, 38, 14, 71, 85]), 0],

6 [101, array([38, 14, 71, 85, 70, 41, 21, 25]), 01,

7 [102, array([10, 36, 19, 57, 82, 90, 15, 40, 76, 531), 21,

8 [102, array([15, 40, 76, 53, 11, 19, 33, 78, 17, 891), 2], ...]

gk, X+ BERT H SCAIS K] (B Fb kb B 5 VA AN A58 7. B F—
THNES, EHSVEG B U ZE PyTorch H1{# ] Tensorboard iX—F 2%,
DA f5 25 in 7 (8 W %2 BERT 4RIt 2 .
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28 9 %5 PyTorch #{# A Tensorboard

TE WS ) ot FE A, 380 FRATT AR 75 M 8 40 S B sl HEAf 2R 1 A4k
ok B T ), Bl S R Eh SRR, B IARSES. RN, X
T EMG AL 3 T 17 14 A AR i ] Be ik Ay B2 e 18 ] ML A TR R R AIE I B A AR Oy
SRR 2 (B B AT TS A5 o BRARIX Bt LR AT AT DAAE X 251l 6 TR I UK
(17 El i matplotlib SEAT ATARAL,  (H2 AT HE A5 B2 12 7R A 2R I 1) ek A2
X H B PR AT /AL

PR L, X6 o 75 SR FRAT T ] DAAE B 23 3 U5 1) Tensorboard T2 B k47 SEHL
AR XESY, EMESTENNAUEE PyTorch Hid i Tensorboard Sk X} #52
A5 S bR AT I AL .

9.1 RESFIK
N 5 75 EAE PyTorch H{# F] Tensorboard [ T 75 %2235 Tensorboard T. B A &

ZAN, I FE A 1 {E 2 TensorFlow A< & . [K 4 Tensorboard £& /5 F A 2> 4 #ifi T
TensorFlow fEZE,

9.1.1 RERETh

%t TensorFlow A1 Tensorboard 2234, 3T R 75 B AT 22 %% TensorFlow
iy A AT D[R] 58 B R 3 1) 2 3
1 pip install tensorflow

F N, BT RATR MBI T Tensorboard i3k 47 AT M4k, Al b 7 22 38
TensorFlow [FJEEAH X 7 & GPU i J& CPU WA, FEAEMGK 1 #mT Bl
e YR UMRIESRE & AL B3 T GPU MCAS K PyTorch, TANVE R Z %2 1) GPU il
J& CPU Jiitff] TensorFlow, Tensorboard #A] DL 1E % % H .

TR 2GR 2 Ja i ] DOl R oy 2 R 317 A
1 tensorboard ——logdir=runs

o B iR
1 TensorBoard 1.15.0 at http://localhost:6006/ (Press CTRL+C to quit)

5k S U S FRAT T8 AT DLt 127.0.0.1:6006 X M543k 37 4] Tensorboard ()
AIARAL T, W 9-1 BT
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@:

¥ C ® 127.0.0.1:6006

No dashboards are active for the current data set.
Probable causes:

* You haven't written any data to your event files.
* TensorBoard can't find your event files.

If you're new to using TensorBoard, and want to find out how to add data
and set up your event files, check out the README and perhaps the
TensorBoard tutorial.

If you think TensorBoard is configured properly, please see the section of
the README devoted to missing data problems and consider filing an issue
on GitHub.

9-1. Tensorboard BEIAKINE

WRARKIAT AT IX B hht, A4 v] PLsalisat in R e &kt a3, )5
FiER 127.0.0.1:6006 iX AR5 1) .
1 tensorboard ——logdir=runs ——host 0.0.0.0

A2 W i --logdir H R $5 @ T AR SRR H stttk 58k SR 4R
9.1.2 mizER

T EAAG T WA 22 3 5 5 ) Tensoboard, {H 2 5 UL — P35t
fERAEITAE EHL s TS, (HRE TR EAARI BN L AR T RsT 4R . W
ST B SRR H P E R R, R I EAR R AT N4
(1) @i 1P EEE A

RS 1P BRI R, AEIRRERUT BN B0 = EA A
FHUE RS E L ML, R 9 55.1.1 7 2P IR 5E R Tensoboard %23
JAshE, VRAEE SR _EFRT DUES L IP kAT U, lan:
1 http://10.67.25.113:6006

TEFERZ, EHEIP T AR EN ClE iRz Rutda 2 EAL A M
IP, XTSI 38 B AE AR ) MR Uadis B2 J= 3 T X 1P [R]EF,  dn2RAE AL
)&% Tensoboard J& & IMAEAHIFARERFT I, HEAmT Ll i~ 7 2R T
HE#
ﬁ%ﬁi_‘: Iiﬁ%ﬁﬂjfﬁl
> EEENZEFREEHEE—F 6006 XA G %AW, R Ekan

2T
> BEIPESNAMIP, EENIJEGE B ] LLE 2.
B —=: JREMNE
> EEE R H A A AN EALAL TR — Y B
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> BFE L 6006 ui 2 BT, WA ] Chdid an N a4 FT T
1 firewall-cmd —zone=public —list—ports # £ /i
2 firewall-cmd —zone=public —add-port=5672/tcp ——permanent # /il 5672 Vi [
3 firewall-cmd ——zone=public ——remove—port=5672/tcp ——permanent #[4] 5672
4 firewall-cmd —reload # [t & 7 EIA%k

(2) SSH % &V a]

o8, bR T ERE IP UilR 24, RATIE ] A B SSH I [A) &1 157 AR K 1
ATV IR, BNk SSEs ROT T 22 i T HAREAA BRI H i LS. 7EIX
PG OLS, ARAT DL T AR 7 Ok AT I A
HHR—: WT N

WIERARI Ay 24T 23 3 HF SSH 4 (B an5# i Windows10 1) CMD &,
& Linux %) 13, B4 n] DLE RS T X — S fr 2 kT 1 R
1 ssh -L 16006:127.0. 0. 1:6006 username@ip

XA A S SURR K IR 55 2% | 6006 3t 115 BB SSH %k B A<
16006 i -, HH 16006 A& A< (A = - CRIRBD ,  REAMAH R A b
FRBAT s 5 X BEFH F 44 80 1P,

IR AR D FEARYE 9.1.1 T R iy A I A2 AL S5 Bl Tensorboard 2
Ja, FEASHE I ) YE A AT 0 T bk BT
1 http://127.0.0. 1:16006
FR=: Xshell TE

TSR AR I FUIG 28 i AN SCHF SSH dr & 116, A fRIE T LA g Xshell T Hk
S SSH SIAMER . B /R B el Xshell TH, 22358 s FHL a4
PRBCE .
£ 135 FEERE

mE 2 frox, s iR .

P oiF

v (@ |+ 2B X @8 |0 |B| = -
FE=E

B - EH wE ARE

B 9-2. #iE@iEs (—)
SRJE ARG I 9-3 s i G & EHLE B
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ensorboardEtE
2681(C):

= ﬁﬁ

- B APRSHeE
- BRI
FFRE

=-SSH

3
5]
- SFTP

B2¥. BEAHE

B8, Wk 9-4 fis s AR IE

eNsorpoara/=EIx=

2BI(C):

SR =
L - APSRSAE
-BREE

7 X
vEE
£xX0)
2FR0: Itensorboard | -
HRE): SSH v ““"g"
FHH): |3.14.15.9) |
i®S(0): 22 =
12HeEzhifTs
MisEaEtia s E RS ER o)
EFR: 60 <l
IR ZF R E=FRR)
EPRE): 0 . FHERE):
(g Asmiksat g TP Echagam
EHERE
[EEREX A ashEHERA)
(G108 0 S BR#HIO: o S B
HRE i V5]

& 9-3. #F@EERE (2

I s A M A N 2L

FEEE > SSH > EdE
TCP/IP§ERS
RDN/HRIE MR TCP PRERB M o HEANNER EEENRIA -

£ U U 1 I = 1HBA

{RIEE)... Wi R)
X114535
L ERXIEEFIX):
. Xmanager(M)
X DISPLAY(D): localhost:0.0
WETE BUH

& 9-4. BGEERIE (—)

B FHARYE B 9-5 Pos (7n ) i A7 o DA O &
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SEFEEA ? X
263 (5Ma)m: Local (Outgoing) v
BEHG: |Iocalhost v |
AFHO0:

Ll aimEe
BEfFENH): 13.14.15.9 vl
BirwAE):

HEAD):

[ tensorboard l

wH

& 9-5. BLERE (Z)
fic & se e A B 9-6 HHIAfARI AT,

tensorboard/EE 4 X
2681(C):
- FEHE > SSH > Bl
ERIPRHT : s ‘ A
LA FRDN/ARSE MHBRTCP IPEEBAM o HEANMESE ZEENRIF
() S5H
e e 88
B | local 16006 3.14.15.9:6006 tensorboard
TELNET
RLOGIN
SERIAL
{618
B3
ﬁg ’ REE).. 2R
T
=4
SR X114533
e e OfExEEs:
= 3R3s J 5N Xmanager(M)
BEiex X DISPLAY(D): | localhost:0.0
ZMODEM
WATE BUH

& 9-6. MENKE (=)

SER PRI RLE 2 )5, PR RIRIE AN e N - B S 2 5
BRI 8 5% B AL IR A B 13 VBT T IR S k. B E FRATTFIRE R FR BT
AT K247 F 3 3l Tensorboard, 78 A< i U 28 vhoi i 4 R bk 3k 4705 e B A7
1 http://127.0.0. 1:16006

9.2 {§ M Tensoboard

N, R S — A 1 s R R s i Ae] T AR AR b B E T
Tensoboard HH#E4T B~ ARG RIK IR B — L5 FH T 4L 77k . AT ATA 7w~
4K P ZE [12] b SR B
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9.2.1 add_scalar F57%

XA TG IRIEE F R AT AL I 25 G i 35 bn B2 80, Blindi sk, o) M
HERfIREE . 0 %2 add_scalar 7732 BI4E 7~ -

1 from torch.utils. tensorboard import SummaryWriter

2 if name ==’ main :

3 writer = SummaryWriter (log dir="runs/result 1”7, flush secs=120)
4 for n_iter in range(100):

5 writer. add scalar (tag="Loss/train’,

6 scalar value=np. random. random(),

7 global step=n iter)

8 writer. add scalar (' Loss/test’, np.random. random(), n iter)
9 writer. close()

FE_ERACH 5 AT RS AR SRR TR, 28 3 AT sk il — A m)
MACRIT R, log_dir HI T8 & AT B I R A7 842, flush_secs EonitiE £ /b
IR 5 N B AR —R (BRI 120 #2) 5 2 5-7 47 2&F| H add_scalar 7572
XS AR EHEAT AL, o tag oo B HIFR (S B

FE EIRAADIEAT Z 00, e NBIZAS SO e B 2, AR5 I8 AT an a4
K J5 3 Tensoboard:

1 tensorboard ——logdir=runs

2
3 TensorBoard 1.15.0 at http://localhost:6006/ (Press CTRL+C to quit)

ATLLEH, logdir 51 IS 02 EIRACRSES 3 47 IS4, RN, MRIER
ANAE D) W0 AT T R B R AT LB B A& 9-1 o ) AL
AT IRaAT BRFEp, SO e AT B s A R B 9-7 B B30
(), Hrr result_1 2 A7 e € 11 HX, ML events.out FF46 1) S
e A R A R AT AL AT
06_TensorboardUsage
runs

result_1
= events.out.tfevents.1650154599.

9-7. FIHRALEIESCHE
4 ¥ ST Tensoboard (B4 IARE O-7 FH s S 1 I eI U 8474
e, Ik 9-8 R
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TensorBoard SCALARS

Show data download links Q Filter tags (regular expressions supported)

Ignore outliers in chart scaling
Loss

Tooltip sorting method: default

test train
tag: Loss/test tag: Loss/train
Smoothing - } &
—_— 0.6 |
05 0.€
04 4
Horizontal Axis ‘
STEP RELATIVE WALL ' { o {
) ‘ o i
Runs 0 1C ] 9 100 ( ) 10
EE I~ CSV JSON ED L d ~ CSV JSON

Write a regex to filter runs

() result_1

TOGGLE ALL RUNS

9-8. Tensoboard AJ#R{LE5R[E]

UpE 9-8 Fizn A Tensoboard HIRI A LAE RIE, HA AU H Loss bRt &
T2 5 ATAAAS 1 F8 %€ 1 Loss/train ZEUNATZEER 70, a2 vl SR AR T B
MBI —MRZET, A ELRFF AT —2 B WX B 1 Loss/train A1 Loss/test
X AN AR 9 I AE Loss IX MR T o [FIR, fE2) ik A b A ) "Show data
download links"J&5 , 18E st B T 77 ZHLIR 7050 T3 SVG REEl. FIEE
[t) CSV &k JSON #5#5 .

7EF 9-8 HI/AIAH 5y, Smoothing S50 K 1A B A5 M T ARAL &5 R 113
Horizontal Axis FSRUI#A R SR 30; Runs T IH K2 1% 75 2 nf AAL I 45
B, Bl jE ARG SummaryWriter()iS 48 %€ log_dir="runs/result_2", #B-ATE
result_1 N7 {ESFEHEL—A result_2 FIIEI, IXIFATAT LLERE £ 445 R R
AL R .

T, FERRIE A B A TR T

9.2.2 add_graph F33%

M4 7w LLAE 1 add_graph 5328 H T i AL RS (g I 2% g5 ke 1, R
BT

1 import torchvision
2 def add graph(writer):

3 img = torch.rand([1, 3, 64, 64], dtype=torch. float32)
4 model = torchvision. models. AlexNet (num classes=10)
5 writer. add graph(model, input to model=img) 24l T TensorFlow 1.x i feed

T I fE R, AR B S SummaryWriter()HH 1) add_graph 7S T —
ANeREL . 7E B, 5 44T TR [l — AN Y s 55 5 A7 I 0o I 4 S
K347 T M4k, b input_to_model Z# N BY BT I BN, X SRBLT
TensorFlow 1.x fixAsH 1) feed_dict 244

FIRRISIFaRIEAT 2 5, 8] DAYE W T A 2 a0 9-9 Fros i ml ik 5 3
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TensorBoard SCALARS  GRAPHS

Search nodes. Regexes supported. ' Output '

Fit to Screen 4

¥  Download PNG T

Run (1) result_1 - [
AlexNet ]

Tag (2) Default

Upload Choose File g
@ Graph -4

S (o)
9-9. MLELEMIE

WK 9-9 PR {82 nT AL IS 1 WX 28 25 A 1T, S5 T 00 IR 26 &5 ) 1 R A A i
HR AT AU BEAT I, 1T A2 3 AR DA 2 D) 4
9.2.3 add_scalars F77&

XA 5 add_scalar {22 5I7ET- add_scalars £ — 5K & Fh AT DAL 22 AN i 28,
BEI A TR HRATE DL BT A N 75 T AL I S 3BT, 7R add_scalars 77
RS R s A

1 def add scalars(writer):

2 r=25

3 for i in range (100):

4 writer. add scalars(main tag=" scalarsl/P1’,

5 tag scalar dict={"xsinx : i np.sin(i / 1),

6 "xcosx’: i np.cos(i / 1),

7 “tanx : np.tan(i / 1)},

8 global step=i)

9 writer.add scalars(’ scalarsl/P2’,

10 { xsinxX’: i np.sin(i / 2 1)),

11 "xcosx : i np.cos(i / (2 1)),

12 “tanx’ : np.tan(i / (2 1))}, i)

13 writer.add scalars(main tag= scalars2/Ql,

14 tag scalar dict={ xsinx’ :i np.sin(@2 i) / 1),
15 "xcosx’ i np.cos((2 i) / 1),
16 “tanx :np.tan((2 i) / 1)},

17 global step=i)

18 writer.add scalars(’ scalars2/Q2°,

19 { xsinx’: i np.sin(i / (0.5 1)),

20 "xcosx : i np.cos(i / (0.5 1)),

21 “tanx : np.tan(i / (0.5 1))}, i)
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e FRARS B —SLmE T 4 ANE, s AR T 4 A4S add_scalars;
[F) B A e ] ERL TR R0 B, 1 3 2% i 2%, 1. RIY add_scalars 75 ¥ B tag_scalar_dict
SR I HEREX RS T 2 MRkt T4, B scalarsl 1 scalars2. A
e 25 S 9-10 Ak

Show data download links soalars
Ignore outliers in chart scaling P1 P2

tag: scalars1/P1 tag: scalars1/P2
Tooltip sorting method: default - '

Smoothing 20 | /7<\
E— 0.6 N LT \
Horizontal Axis : 60 | \

STEP RELATIVE WALL

m

m
i
[

runtodownl.. v CSV JSON F31 D b4 runto downl.. ¥ CSV JSON
Runs
scalars2
Write a regex to filter runs
() result_1/scalars1_P1_xcosx Q1 Q2
() result_1/scalars1_P1_tanx tag: scalars2/Q1 tag: scalars2/Q2

(O result_1/scalars1_P2_xsinx

(O result_1/scalars1_P2_xcosx
result_1/scalars1_P2_tanx

() result_1/scalars2_Q1_xsinx

™2 M result 1/scalars? 01 xcosx
TOGGLE ALL RUNS

runs
0 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 10!

[&] 9-10. add_scalars A[{{LLERE

9.2.4 add_histogram 3%

B B — R T rr Ak 48 2 o S B AR5 I, A 2~ ) 4 B A 7 B
ARIGUNT B

1 def add histogram(writer) :

2 for i in range (10) :

3 x = np. random. random (1000)

4 writer. add histogram(’ distribution centers/pl’, x + i, i)

5 writer. add histogram(’ distribution centers/p2’, x + i 2, i)

ERAREIE T A WS, HAT AL S 45 R A0 9-11 R .

distribution centers

distribution centers/p1 result 1. distribution centers/p2 result. 1.

9-11. add_histogram AJ{R{LEERE
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9.2.5 add_image F77%

add_image 775 & SR AT MUALAR R G R A RE, BlanAHp Fr, B 2
FRIEEAE, HoRBIARR an R FR:

1 def add image (writer):

from PIL import Image

imgl = np. random. randn (1, 100, 100)

writer. add image( img/imagl’, imgl)

img2 = np. random. randn (100, 100, 3)

writer. add image( img/imag?’, img2, dataformats= HWC )
img = Image.open( . /dufu. png’)

img array = np. array (img)

© 0 N O O1 & W DN

writer. add image( local/dufu’, img array, dataformats=" HWC )

(ELIRIRE L, 55 34 AT FAR—ATRARBICHWIN 3 SRR oI
WLAL; 35 56 ﬁf}”ﬂ%iﬁiﬁé#ﬁ?ﬂ[H,W,C]E‘J 3 YESEREIFTHLAL, [ o
add_image " AIFE I 4RI (75 L, [ILAT DU H add_image 7 145 %2 (O BR MK
AACHW]; 5 7-9 TR MA ISR, 285 R FUIEAT AT R
e 9-12 ffR

img

img/imag1 [MeSWEN  img/imag2 sy
)

local

local/dufu esure;
step 0

& 9-12. add_image AJ#{LL5R[E
Wk 9-12 P, b o W P AN K /N 9 100 x 100 (45 28 H B T AR Ak 45 51
I THIES 0 D A H B R R A A R
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9.2.6 add_images F77£
MNBF AT LA M, %7 — IR AL 2 5K R AR, 8 s T

1 def add images (writer) :
2 imgl = np. random. randn (8, 100, 100, 1)

3 writer.add images(’ imgs/imagsl’, imgl, dataformats= NHWC )

4 img2 = np. zeros ((16, 3, 100, 100))

5 for i in range(16) :

6 img2[i, 0] = np. arange(0, 10000).reshape (100, 100) / 10000 / 16 i

7 img2[i, 1] = (1 — np.arange(0, 10000).reshape (100, 100)/10000)/16 i
8 writer. add images( imgs/imags?2’, img2) # Default is :math: (N, 3, H, W)

fE_ERAHS , 5 2-3 47 I AR A 8 SKIETE BN 1 MR Z M T HEAT FT AL .
5 4-8 AT MEAE R 16 SKIBTEXCA 3 BB FEAT Al AL . BoJa il AL R 4
Fanls 9-13 Fow.

imgs

imgs/imags1 [eSUEN  imgs/imags2 {EesuEy
step 0

9-13. add_images AT {5 RE
Wl 9-13 Fin, Acilise 8 wilEE N 1 WG RHRETLE K. F1L&Z 16
FRIBTEECH 3 MG R FEFE T A b 45

9.2.7 add_figure 733k

XN T VEIE F 2 R ¥ matplotlib £ 9111 figure X4 4 T #4L 21 Tensoboard
(P T o, T s — S RO R AR R, ORI AR
1 def add figure (writer):
fig = plt. figure (figsize=(5, 4))
ax = fig. add axes([0.12, 0.1, 0.85, 0.8])
xx = np.arange (-5, 5, 0.01)
ax. plot (xx, np.sin(xx), label="sin(x)”)
ax. legend ()
fig. suptitle( Sin(x) figure\n\n’, fontweight="bold”)

writer.add figure(“figure”, fig, 4)
7 FiRACHS T, 55 2-7 47 NHRYE matplotlib 2 H AN A B, Hrbds 3 47
FRFE5E: 55 8 4724 HAF Tensoboard HHEAT R/ #iAL; 55 9 1T )J& B RS
AT . B JE PTARLI &5 R 9-14 Pk .

O N O O B~ W N
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figure ‘resur_i
step 4

Sin(x) figure

1.00 — sin(x)

0.50
0.25 4
0.00 +
-0.25 1
-0.50 4

-0.75 1

-1.00 1

9-14. add_figure AJALEERE
U R — K {E Tensoboard FF R AL —2H EG 1916, wT LLERE an R 77 st

1 def add figures(writer, images, labels):
text labels = [’ t-shirt’, ’trouser’, 'pullover’, ’dress’, ’coat’,
>sandal’, ’shirt’, ’sneaker’, ’bag’, ’ankle boot’]
labels = [text labels[int(i)] for i in labels]
fit, ax = plt.subplots(len(images)//5, 5, figsize=(10, 2len(images)//5))
for i, axi in enumerate (ax. flat):
image, label = images[i].reshape([28, 28]).numpy(), labels[i]
axi. imshow (image)
axi.set title(label)
10 axi.set (xticks=[], yticks=[])
11 writer.add figure (“figure”, fit)

75 FRARRY AR E P2 1 FashionMNIST HE4E AT AT M4k 58 54T
BB RAE R — M EEE T T EIREAT; 58 6-10 72207 ki & — 4>
T Bl % 10 /7R LR AR IIE S, 26 11 472K HAE Tensoboard 133
iR, AT RS R AN 9-15 s

2
3
4
5
6
7
8
9

figure
step 0
ankle boot pullover trouser trouser shirt
@ m \l
trouser coat shirt sandal sneaker

IIIIIII |IIiiIII
9-15. add_figure AI{R{LZ5RE]
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9.2.8 add_pr_curve 77&

add_pr_curve iX /N7 2 H R AE I ZRid FE T 404k Precision-Recall ik, B

WLERAEAN R BRME N AS B R 5 A R AP AT 1 BL. B2 55T Precision-Recall 2%
BRI AT A S CE[22] 0 TR Fros:

1 def add pr curve (writer) :

2
3

© 00 ~ O Ol W

10

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

from sklearn. linear model import LogisticRegression
from sklearn. preprocessing import label binarize

def get dataset():
from sklearn. datasets import load iris
from sklearn.model selection import train test split
x, v = load iris(return X y=True)
random state = np. random. RandomState (2020)
n_samples, n features = x. shape
# BEIG g 4 B DL AT SR pr fi 2R
x = np. concatenate ([x, random state.randn(
n samples, 100 n features)], axis=l)
X train, x test, y train, y test = train test split(
X, y, test size=0.5, random state=random state)

return x train, x test, y train, y test

X train, x test, y train, y test = get dataset()

model = LogisticRegression(multi class="ovr”)
model. fit (x train, y train)

y scores = model.predict proba(x test) # shape: (n,3)

b y = label binarize(y test, classes=[0, 1, 2]) # shape: (n,3)
for i in range(3):
writer.add pr curve(f”pr curve/label {i}”, b y[:, il,

y scores[:, il], global step=1)

FE EIRACRS A, 57 2-19 AT ARSI RARGE IZ B[ A A sl P 4 2R, HLR s 11

1T R FUR BRI B, H KO8 T TS 2SN SEi) PR 2R 26 21
1T RS IR AR 2 4 0 one-hot Zfd N IbRRE: 51 22-23 4752 7 AR YE &
AN ) T 25 SR 1) R R PR B2k 0 3847 FIR ARG R A5 BBl an ] 9-16 iy
ZN:ESE
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pr_curve

pr_curve/label_0 pr_curve/label_1
tag: pr_curve/label_0 tag: pr_curve/label_1

9-16. add_pr_curve AL ERE

9.2.9 add_embedding J3 7%

AN TT A RAE = 4E 3 (A o i 4 1) g AT T ARAL,  BROAIE 0 2 X = 4k
[ & L PCA J7ikidb T i 4EAb T . add_embedding() /7 i B A =AML EE S
¥ mat. metadata 1 label_img, T EAEKICKBITNE.

mat: FHRTE E PTG SR A SR ARAR, TR (N, D), ANgE RN, fildn
Xof ][] B AT ARAKIN mat A2 a] [r) B FE R, B 23 28T mat BT DL 73 28 2 1 A HH 4
R

metadata: FRIEE R SN EIFREE S, 22— MEE N DMITE K FAH
IR, N MERIACA[L,'2,... )N

label_img: HKFE & BN s M TS &, TEAR N (N, C,H W) , TR 2,
i an il 53 25 label _img w2 B — 5k JL S B v T A4k 25

B30, WAVERT Lo N AR R FEAT 3 475 A] 1 e 4 v) = v FRAL

def add embedding (writer) :

import tensorflow as tf

import tensorboard as tb
tf.io. gfile = tb. compat. tensorflow stub. io. gfile

import torch

1

2

3

4

5 import keyword
6

7 # YA AL 100 Mrfs B
8

9

meta = []
while len(meta) < 100:
10 meta = meta + keyword. kwlist # get some strings
11 meta = metal:100]
12 for i, v in enumerate (meta) :
13 metali] = v + str(i)
14 # BENLAE R 100 MR A
15 label img = torch.rand (100, 3, 10, 32)
16 for i in range(100):
17 label imgli] =i / 100.0
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18 data points = torch.randn (100, 5) # BEHLAERK 100 44
19 writer. add embedding (mat=data points, metadata=meta,

20 label img=label img, global step=1)

7 FIRAHE R, 55 2-4 47 H TRk TensorFlowl.x WA 28 i) /L, 26 8-
13 T MZBENLAE AL 100 N ERFERFRESE R 28 15-17 17 )22 bR 24T B 1 1]
Fs 5B 18 AT BN T E ML mgEm . IR RIIET 4l 5 R
FE 9-17 Fros g R

s

Edef9
Es70
W21 e
Esﬁlz Erayv47
=87 HiFalse33 .r‘ii)mg
Whass26 Wlonel Eithe4
EEontinue41 Elass73 Eot24gifs M
mor48 [ ] ﬁeturn28
. .
[ L g Wiaise60  greakao
I gylocalss K7
|
ﬁvhnes@ Erom82 u Wbreak72
. )
“BERssertshi eturn
. Essgz » ssen@h”gg?‘ 62. Ealse99
.Eneake A i B
B mefa2 | Eonﬁ'nuiS [icidos Whonlocal23
/" .
WiES7 Bnd69
IGrrortss Wetums4 . e Rlambdas5
EEontinue74 o
jield65 1| 7
Wield65 Wield32 Except7o M Eicl43 WFalge0 While63
Wpass59 mrse
oo EiVone67

9-17. add_embedding A #l{L45 R [E
W 9-17 Fivr, TR # 2 EIHACAS X RIfY) metadata 240, BT Pk
FE X R label_img Z85, 17 8 JE R CEIRE A ZD 525 R) mat 24
X BN L TRV R T BRGNSk
bR B 51§~ R AT e

9.3 f5F sl

9.3.1 EMIEEY
XH, FERLL LeNets WZEBIAIATRG, B AH 5675 2w SUBA Bl m) 7%
W, AT
1 import torch.nn as nn
2
3 class LeNetb (nn. Module) :

4 def init (self, ):
5 super (LeNet5, self). init ()
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© 0 N O

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

self. conv = nn. Sequential (
nn. Conv2d (1, 6, 5, padding=2),
nn. ReLU(),
nn. MaxPoo12d (2, 2),
nn. Conv2d (6, 16, 5),
nn. ReLU(),
nn. MaxPool2d (2, 2))

self. fc = nn. Sequential (
nn. Flatten(),
nn. Linear (16 5 5, 120),
nn. ReLU(),
nn. Linear (120, 84),
nn. ReLU(),
nn. Linear (84, 10))

def forward(self, img, labels=None):

output = self. conv(img)

logits = self. fc(output)

if labels is not None:
loss fct = nn. CrossEntropyLoss (reduction="mean’)
loss = loss fct(logits, labels)
return loss, logits

else:

return logits

£ ERAHE T, 5 25-30 A7 ARIEAS R TS BUIR [P F 45 R . HAx e

FIACRE AR ] B B AN P58 0E 1
9.32 EX5EIEE
5818 BEERE

B, AT AU SR R B A S, X LR IE 2 LA

FashionMNIST A3t 47 7~ 6. &AL a1 R Fros:

1 text labels = [ t-shirt’, ’trouser’, ’pullover’, ’dress’, ’coat’,
2 “sandal’, ’shirt’, ’sneaker’, ’bag’, 'ankle boot’]
3

4 def load dataset (batch size=64):

5 mnist train = torchvision. datasets. FashionMNIST (download=True,
6 root=""/Datasets/FashionMNIST”, train=True,
7 transform=transforms. ToTensor ())
8 mnist test = torchvision. datasets. FashionMNIST (download=True,
9 root=""/Datasets/FashionMNIST’, train=False,
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10 transform=transforms. ToTensor ())
11 train iter = torch.utils. data.Dataloader (mnist train,

12 batch size=batch size, shuffle=True, num workers=1)
13 test iter = torch.utils. data.Dataloader (mnist test,

14 batch size=batch size, shuffle=True, num workers=1)
15 return train iter, test iter

7E ERARES 5 1-2 47 € R AREE T 5 oo B R 44, T AEAd
Fi add_embedding RJ#RAL TN &5 SRS R BEASFEA AR ZE A4 FR 2B 5-15 AT 2
53 R IE I ZREE NI L 1) Dataloader XJ % .
B2 U RER
W=, WATHTEEE L — IR LI R F AN A AR . e X
EAKBIWIGEA T, AR
1 class MyModel:
def init (self,
batch size=64,
epochs=3,
learning rate=0.01):
self.batch size = batch size

self. epochs = epochs

self. learning rate = learning rate

© 0 N O O1 & W DN

self. model save path = 'model.pt’

self. device = torch. device( cuda:0’

—_ =
— O

if torch. cuda. is available() else 'cpu’)
12 self.model = LeNet5()

28 EXIHETE

FERX R, AV VPGS, R THSRAE NN SR EAR R (e R . [
I35 0] FATTAE A F Tensoboard FIARALIN 75 22 ] B B <AL &, AAS4T

1 @staticmethod

2 def evaluate(data iter, net, device):

3 net. eval ()

4 all logits = []

B y labels = []

6 images = []

7 with torch.no grad():

8 acc_sum, n = 0.0, 0

9 for x, v in data_iter:

10 x, v = x.to(device), y.to(device)
11 logits = net (x)

12 acc_sum += (logits.argmax(l) == y).float(). sum().item()
13 n += len(y)
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14 all logits. append(logits)

15 y pred = logits. argmax(1).view(=1)

16 y labels += (text labels[i] for i in y pred)
17 images. append (x)

18 net. train()

19 return acc sum / n, torch.cat(all logits, dim=0),
20 y labels, torch.cat(images, dim=0)

£ ERAHE T, 5 VAT RS R IXAN A ONERS TS, ROYeRE B s
5 FH BUAH ORISR A 5 5 4-6 17703l T 3 AR A T ORA7 A FEAS B 33 logits
A5 ARAESCARMFEAR R 58 10-13 47 HIR R WU LA A BN G 28 14-
17 43 5l Sk AL 32459 3 £E 45 FH add_embedding I JT 75 22 H 2048 & 58 19 172
AR W] P A e B B 45 2R

838 wNGLE

758 B IR 20 B8 I 5 AT AR SIS RS I 5350 29 AR, ] By 56 75 S m] A 1)

AEFATIOSR . HT XA, FAE Tt o B AT 4 .

1 def train(self):

2 train iter, test iter = load dataset(self.batch size)

3 last epoch = -1
4 if os.path. exists(./model.pt’):
5 checkpoint = torch. load(’ . /model.pt’)
6 last_epoch = checkpoint[’ last epoch’]
7 self.model. load state dict(checkpoint[ model state dict’])
8
9

num training steps = len(train iter) self.epochs

10 optimizer = torch. optim. Adam([{"params”: self.model. parameters (),
11 “initial 1r”: self.learning rate}])
12 scheduler = get cosine schedule with warmup (optimizer,

num warmup_ steps=300,
13 num training steps=num training steps,
14 num_cycles=2, last epoch=last epoch)
FE RS, 55 4-7 47 FOR A KT A 2 B AFAE L BT ORAF IR, 0 SRARAE

W EHEN, 1M last_epoch & FH IR AU 2 2 BB S5 RN R PRES, B2
REWS {1115 Tensoboard £ FJ A4 B N5 e 8 145 2 A OB SR #EAT AT AR AL . 58 10-
14 47 3 IR 70 93 5 SCOUAG A8 AN 52 2] R B A T R
BE—2, SCIURY I GRS 450K . HERA 2 AN 5 S R AT AL I AR, ARAS AR

writer = SummaryWriter (“runs/nin”)

max_test acc = 0

for epoch in range (self. epochs) :

for i, (x, y) in enumerate(train iter):

Ol = W DN o~

X, v = x.to(self.device), y.to(self.device)
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6 loss, logits = self.model (x, )
7 optimizer. zero grad()

8 loss. backward ()
9

optimizer. step()

10 scheduler. step ()

11 if i % 50 == 0:

12 acc = (logits.argmax (1) == y).float().mean()

13 print (f”# Epochs [{epoch + 1}/{ self.epochs}]-batch”
14 f”[{len(train iter)}/{i}]-acc {acc}-loss {loss.item()}”)
15 writer. add scalar (’ Training/Accuracy’ , acc,

16 scheduler. last epoch)

17 writer. add scalar ( Training/Loss’, loss.item(),

18 scheduler. last epoch)

19 writer. add scalar ( Training/Learning Rate’,

20 scheduler. get last 1r() [0],

21 scheduler. last epoch)

7 _FIRAEE R, 5 147 k=2 4k SummaryWriter - Ja G2l MALBRAE . 58
5-14 47 W] F AR AT BB R I ZRad 72 s 28 15-18 472 FH R 73 il il k46
IHERRZE 1R AN A2 2] R IEAT AT AL
e — B {E 2 18Id add_embedding SR iUl &5 SR 3T vT AL, ARAS A0

acc, all logits, y labels, label img =
self. evaluate(test iter, self.model, self.device)
writer. add scalar (’ Testing/Accuracy’ ,acc, scheduler. last epoch)
writer. add embedding (mat=all logits, # JTfis
metadata=y labels, # &4
label img=label img, # WK
global step=scheduler. last epoch)
fE EIRARG Y, 58 1-2 47 LB AR add_embedding it 7 B 7 ; 5R 3-
7 A7 W52 43 e AR b PR YR A 2 R0 PN 25 SR AT T ARAL

9.3.3 AIMLER
TE 52 R 34 OGRS TAE 5, (7T LE it R AR S AT 4 /MR

~N O O1 B W DN~

1 if name == main ’
2 model = MyModel ()
3 model. train()

EREFBAT IR, (Fr] LUEE 56 9.1 35 v 19 7 XS 31 Tensoboard i ¥ 73 T ,
AT LLE B & 9-18 Frs i al Ak 45 5 .
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Training

Accuracy

Learning Rate
tag: Training/Accuracy

Loss
tag: Training/Learning Rate

tag: Training/Loss

I}
]
| €=

SV JSON

CSVJSON [ 3 . 4 un to down CSVJSON [ )

(i
1]

|€=
9}
2
<
c
17}
=}
=

9-18. LeNet5 JIZAT#{LLE R E]
P 9-18 P AR T AE Y 2R e R HERf R . 22 2] M O AR A 5 B,
—, BATAT LUK 28 a g e =S et AT s, Wil 9-19 Frow.
e

B 9-19. LeNet5 REFUMARE FTALERE (—)
el 19 o (R AR AN AR L A T 45 R 423 add_embedding J7 3% AT #E
WIRIER, Hp A NTREE R — AN FIRFEA, BEMEBEAR —20. #t
—F, RArfEETRE R DERIZAEARNMRES, WK 9-20 fis.

show images @

Nearest points in the original space:

ankle boot

& 9-20. LeNet5 {2BIFMFRE A MILERE ()
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U 9-20 i/ fF 52 ankle boot T ARALEE F, I H AT LLR I 2 a5 o —
AFEAR, SERBNHE A SHAMCH R 298, ZIUIEH H e H M)
RERF AT LA L IRR, XEEERAEITNET .

F|, XIF Tensorboard M HTVEFAHT 7. /£ F—THAEF, FEHK
S EI NE LGN Z5—A BERT #4Y, Ff[FII @1 Tensoboard >k AT 4k k¥
EAEN R 2 B S H AT
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103 MESCIP NSP #1 MLM Tl &1E %

ST L N ERINH, RATELEH# T BERT AR FEAJFEE . dnfif A
F 5P BERT 4] 5 T BERT TN ZRAR AY K 56 LA 73 AT 55 SUARZE B AT 55
H B ERAT S (SWAG) VLK A [A1 {145 (SQUAD) , HZ&5ERL T BERT #iY
RO TP NS A 4R o TR FORIX — TN F, AT i6E BERT BLAY (1)
SN, BT R MLM AT NSP 3% AN TR IIZRAT 55 K1 257 BERT 7Y
BTN
10.1 51§

EHE YL, FATEERT LLUEE MLM A1 NSP X MTE 55k Mk Z—A BERT
BEAY, 48Rt ] DLAE TR T 2 A ) Sk b G MLM AT NSP AT 45k 1
R TR AT I NN 2R, DSBS HE A X —% 5. HH—#K
SRR n it 1) 28 A i

PR 1.1 775 BERT FY [1) F A JF B rp B AR L2858 MLM AT NSP 3% 9 M55 1
JRELS T PN, TR A AR . —R)TERERS, W&l 10-1 FTR MLM
bR BN 26 #5384 Token iEAERISRTRMI, T NSP )ﬂuz%lﬂﬁﬂﬁ)\ﬁmﬁﬁiﬁt
R W7 I — R U5 2 5 BN AT — RS I R — A 0E, OB AT S kI
BERT AL E 244 .

/NSP Mask LM Mask LM
i * :
- a (7 ) (re]) (7] - - [

BERT

BE  EHEE: - E
17 17 U U0 )
(tokn [[SEP]][Tokl] !Tokml

Masked Sentence A Masked Sentence B

\ Unlabeled Sentence A and B pair /

10-1. MLM 70 NSP {E & /48 25+ &
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10.2 HEMAIE

FEIERN HEHE AL B 2 /T, FATIE AR B HURE Yl — sk R OR S 1
— NG, DUEHEO AR SR

i#%m%uﬁﬁoﬁ?ﬁiuﬁﬁoi®'¥mﬂ£u%* T HEABE
BEMFFRT. BUMELS.
IAwaEuR¢ B B, | IAMEEuR¢ &Nﬁﬁuéﬁ

@HIFENSPIE B3\ &Tokenize @

[cs] EXE A X LA E o [SEFl dE T 8% X WL B iT . [SEP] True
[CLS] 3% M| 3k 3% X T . [SEP] 5 M i i L B 18 . [SEP] False
[ctsy A B R AR E . [SEP] & M % & L B 18 . [SEP] True

@HIEEMLMIE 554\ &Padding @

[cLs] dE & [M] X LA BB [M] . [SEP] 3E T &% X [M] B i= . [SEP] True
[CLS] i& M %k 5% X [M] . [SEP] & M| i [M] KA B 18 . [SEP] [P] False
[cts] A1 E B AR £ . [SEP] [M] M 3% i3 L B [M]. [SEP][P] True

DHIEMIMIT B4R I

[CLs] [P] [P] A [P] [P] [P] & (™) [SEP] [P] [P] [P] [P] KA [P] [P] [P] [SEP]  True
[CLs] [P] [P] [P] [P] [P] T [P] lbt'P] [P1 [P] [P] & [P] [P] [P] [P] [SEP][P]  False
[cLs] [P] W [P] [P] [P] [P] [P] [P] [SEP] ik [P] [P1[P][P] [P]f& [P][SEP][P] True

10-2. MLM #1 NSP E S HiEEMERIZE

WK 10-2 FronfE 224 NSP fl MLM R4 5 E MW ERE. OO0 %
MR [RGB 1E BRI NSP AT 55 B 75 A AAIBRAS ;s SN2 FENL MASK $5
*K 43 Token SKA4i&E MLM L4514 N, F RIS HE4T padding 4bFE; Z5@30 N 2R

FOL I G R RMIE MLM E55ARZE, HA[P]FRx Padding f#
>(ﬁﬁﬁ%ﬁmmﬁT@%%%T = TR AT TR Token 73 545 2 s 45 2%
Ho fERBUERE TRENMEREMEREE, AT L—P—PHR e
HIRERIME T .

[FIIE, DN T RERE{E 1S A E s Pl b BRACHS FAA I M, (RIS SCR S A R 37
sCHERET NSRRI 28R — R R BRI e X — Mg bR
HOR T bR AEAG BTN o X FE RIS 4 1 AR E R A 7 B S — AN X R
RS AR BRI AT, HAR A AR FEAS 75 23T 230

10.2.1 EXHIEENL
33 LB 4 DA ST 4 3 T RIEE wiki2 [23]0941 3k A 8 AT 48 20k SALJE HOFR
WEBE . 0 F T 2 wiki2 w0 SR G SO A SR -

1 The development of [UNK] powder , based on [UNK] or [UNK] , by the French
inventor Paul [UNK] in 1884 was a further step allowing smaller charges of

propellant with longer barrels . The guns of the pre @@ [UNK] battleships
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®

of the 1890s tended to be smaller in calibre compared to the ships of the
1880s , most often 12 in ( 305 mm ) , but progressively grew in length of

barrel , making use of improved [UNK] to gain greater muzzle velocity .

= = = [UNK] of armament = = =

O1 = W Do

The nature of the projectiles also changed during the ironclad period
Initially , the best armor @@ piercing [UNK] was a solid cast @@ iron
shot . Later , shot of [UNK] iron , a harder iron alloy , gave better armor
@@ piercing qualities . Eventually the armor @@ piercing shell was

developed

1E EiRorm s b, B ATHER R A Bk, A s AR A K.
Kl 2-6 P, AT EAE H % utils SHTEE create_pretraining_data.py #5t, X5
5E X BREORT FL AT AL 2

1 def read wiki2 (filepath=None, seps="."):

2 with open(filepath, 'r’) as f:

3 lines = f.readlines()

4 paragraphs = []

5 for line in tgdm(lines, ncols=80, desc=" ## FTEEFRIEEUE") :
6 if len(line.split( . 7)) < 2:

7 continue

8 line = line.strip()

9 paragraphs. append ([1ine[0]])

10 for w in line[l:]:

11 if paragraphs[-1][-1][-1] in seps:
12 paragraphs[-1]. append (w)

13 else:

14 paragraphs[-1][-1] += w

15 random. shuffle (paragraphs) & ¥4/ Bt il
16 return paragraphs

78 LRI, 5 14T seps Fl TR EA T 50 T2 MBI BB . 5 2-3 17 H
T U A R G HE, 17— AN BIE . 5 514 AT Tl R — AN BE
HRAT IR AR . 25 6-7 AT FH T JE R B T A — M) PRI L, TRINJESE
BATERIE NSP 55 Fr T B ERT LG — iGN BE R B L. 2 8 1TH
T RPN BIE P EAE BRAT R B 9-14 AT T IR I BV R IR —R)TE I
BT E], FIRREE TR . 5 15 AT T I BOEAATEL, T
BARAT.

%, 233 read_wiki2 BRECELS, FRAVERETS B — ML 2 48513, #%
A

1 [ [sentence al, sentence a2, ...], [sentence bl, sentence b2,...],...,[] ]
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Bl EaR R B S 4 RN -

1 [[ the development of [unk] powder , based on [unk] or [unk] , by the french
inventor paul [unk] in 1884 was a further step allowing smaller charges of
propellant with longer barrels’, ’the guns of the pre @@ [unk] battleships
of the 1890s tended to be smaller in calibre compared to the ships of the
1880s , most often 12 in ( 305 mm ) , but progressively grew in length of
barrel , making use of improved [unk] to gain greater muzzle velocity .’ ],

[’ the nature of the projectiles also changed during the ironclad period’
“initially , the best armor @@ piercing [unk] shot .’ 1, [], []...[]]

AN U SR A A B P 32 AR HERS 30, LR 225N B S8
D55 T AL PR X R S 2

10.2.2 PXHIFERINMNL
FEA 41 56 5 SORE S B S R 5 AT R — > o SC R aa Bl 1 % 5K

W FE . 40 s (R FATTE 82w 2 2 o SOR R E a2k -

1 ZIFRT, B, WHREFECEE. RXGE, WEE. —RKE, JUERR. M.
FWIH, N7, THRAEEE. Biedk. Wb, LEEE, MPHt. S5s,

2 HEAFEMTERE. ABRE. AR, TR, ToiEEEn. IEHERAR, 4
T, 2. BORMBRIES . NFE. Eftk. MBES, WEHTAT. BHFESER
Pkt MIAB, FEARM .

f£ Eidorplh, AT B, A SRR A S T H. Nk
AR 75 58 SC—A> B BORAS HHEAT FUAL PRI IR [0 45 7€ B AR #EARS 2

1 def read songci(filepath=None, seps= . '):

2 with open(filepath, 'r’, encoding= utf-8 ) as f:

3 lines = f.readlines()

4 paragraphs = []

5 for line in tqdm(lines, ncols=80, desc=" ## IEfFEZERIEEIE")
6 if “00” in line or "«e--- ” in line or len(line.split( . )) < 2:
7 continue

8 paragraphs. append ([1ine[0]])

9 line = line.strip() # EHBATFIAPILNTH

10 for w in line[l:]:

11 if paragraphs[-1][-1][-1] in seps:

12 paragraphs[—1]. append (w)

13 else:

14 paragraphs[-1][-1] += w

15 random. shuffle (paragraphs) # ¥A EisT1 L

16 return paragraphs

£ EIRARRS Y, 55 14T seps Fl THRE AT SR TZ MK BRAT. 5 2-3 1T H
TR R AR SR, AT E W (BORD o 5 514 AT TR IR A
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B K, FEHRATARR B AbEE . 5 6-7 47 F it e R A ELAD L R B A R L A
FHINEWL . 55 8-14 4T FFU8IE ) L sh i — ) Hb AT 40 B, eI MR B T 4 b
FREAIT . 8 15 AT RIS T I B TE AT EL, A RE) T
ot 1R E AR b S (45 A
1 [0 FAECHREE ,  SRAMOET 1, [ 50X, TLt, fMsmEse,
IREEE, WEEAE, DAY, B L. TRV, ARE. FE—it
SEGEE, IR, AT, SBEW, MINUE,  Bemium, —BITRT,
CRRVEAL. UGS, WURGT. MIEEAE, CmALL, BIEMEE, KT AEE
'], 00, 00.... [0
HULER,  TANHRSERE H04E SR wiki2 B A e A 2R
10.2.3 #Ji& NSP (£ Z#1E

TEIE MG NSP ALSS R 2 1, FATIFT2E4E create_pretraining_data.py /&
AR SRR R A & LT AR S i i 7 vE R A, AR R

1 class LoadBertPretrainingDataset (object) :

2 def init_ (self,

3 vocab path=". /vocab. txt’,

4 tokenizer=None,

5 batch size=32,

6 max sen len=None,

7 max position embeddings=512,

8 pad index=0),

9 is sample shuffle=True,

10 random state=2021,

11 data name= wiki2’,

12 masked rate=0. 15,

13 masked token rate=0. 8,

14 masked token unchanged rate=0.5
15 seps= . )

16 self. tokenizer = tokenizer

17 self. vocab = build vocab (vocab path)

18 self.PAD IDX = pad index

19 self.SEP_IDX = self.vocab[’ [SEP] ]

20 self.CLS IDX = self.vocab[’ [CLS] ]

21 self.MASK IDS = self. vocab[’ [MASK]’ ]

22 self. batch size = batch size

23 self.max sen len = max sen len

24 self. max_position embeddings = max position_embeddings
25 self.pad _index = pad_index

26 self.is sample shuffle = is sample shuffle
27 self. data name = data name
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28 self. masked rate = masked rate
29 self. masked token rate = masked token rate
30 self. masked token unchanged rate = masked token unchanged rate
31 self. random state = random state
32 self. seps = seps
33 random. seed (random state)
H T e 220 — RINMBENLERE, Brid BiACASss 33 470 T REALIRAS H
T E LA R .
BHESE, FR 258 A B R EOR B A S a6 B S 1 ek 2, AR TN R
1 def get format data(self, filepath,):
2 if self.data name == "wiki2 :
3 return read wiki2(filepath, self. seps)
4 elif self.data name == ’songci’ :
5 return read songci(filepath, self.seps)
6 elif self.data name == ’custom’ :
7 return read custom(filepath)
8 else:
9 raise ValueError (f"#ii {self.data name} AAE{EXRiAIMSARIEEL, ~
10 f7i%%% read wiki (filepath) szBixt Sk Ik %! 7)

M EIRARRG R LA Y, BB PE e 45 T — AN Fn i A i XAk o8 £
FA 7750, AT CARR 4 $i 2 10 500 B 44 BRI [ AH . (RA% 30k R A . H 2 7 B = 10
& 204k R B0 [0 % 20 75 B2 5] read wiki2() BRI 5 [ 1 RE 2R — 5

B2, FRAVE AT DR E Ui NSP AT 45 £0s AL B ek 25, SRAR R 45 2 1
AL )T A R BT IR [B] NSP AT 45 0 A) X bR, BRI T

1 @staticmethod

2 def get next sentence sample(sentence, next sentence, paragraphs):
3 if random. random() < 0.5: # P[0, 1) 2 Ap—ANKEHLIEL

4 is next = True

5 else:

6 next sentence = random. choice (random. choice (paragraphs))

7 is next = False

8 return sentence, next_sentence, is_next

FE PR A, 58 347 F AR 2 50 0 A AR [0, 1) 2 18] ) — AN BE LA E Dy iR
FAE . 2B 6 AT NN BUE hBEHLH — N BE, FEABENLH ) — A Bk b
ML —5) 1%, PAHCRBENLIER T —a)ih. 28 8 17 N2 IR R IE LTI —2% NSP 1%
FZREA . I, BT IR 2 DRe e sk B0 A 5l IR TR e o, A
I EE LTSRN TR T,

gL, AT NSP EFZFHEARMMERNAET T, FERIMNA T LA
get_next_sentence_sample()e& £ EI AT,
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10.2.4 #iE MLM £ #31E

T R G E MLM L5 e re A, FRA11IX B 75 B e SC— AN B
PR, HAEHZARIES E R token_ids. fEi%E mask 7 B DA K 755 mask FIEE K
IR [ 4% mask J& ) token_ids AR5 label 158, ST

1 def replace masked tokens(self, token ids, candidate pred positions,

num mlm preds) :

2 pred positions = []

3 mlm input tokens id = [token id for token id in token ids]

4 for mlm pred position in candidate pred positions:

5 if len(pred positions) >= num mlm preds:

6 break

7 masked token id = None

8 if random. random() < self.masked token rate:

9 masked token id = self.MASK IDS

10 else:

11 if random. random() < self.masked token unchanged rate:

12 masked token id = token ids[mlm pred position]

13 else:

14 masked token id=random. randint (0, len(self. vocab. stoi)-1)
15 mlm input tokens id[mlm pred position] = masked token id

16 pred positions. append (mlm pred position)

17 mlm label = [self.PAD IDX if idx not in pred positions

18 else token ids[idx] for idx in range(len(token ids))]
19 return mlm input tokens id, mlm label

76 _EIRAREG A, 2 147 B token_ids IR Id get_next_sentence_sample() & £
WERfE I R, HO&HEHN ids JaRI45 58, candidate_pred_positions & s T
AT HEHE maks H I E%E A B, num_mim_preds 67~ HE4E 15% ) b4 155 R 1 75
ELWE mask A BACE . 5 4-6 1T KR PR — Mgk Token IZS], i
CLI 2 75 2 mask FI % Bk A FR . 55 8-9 47 I3 7oKy H: 7 80% 1) Token #
PNIMASK] GER, X BLH S22 15% B 180% ) o & 10-14 47 M2 43 7 {4
£710% ) Token A3 DA LK 53 46 10% 4 9 BEAL Token. 5 15-16 MI/ZX%f Token
BEAT R, DL AE S PRSI B 1 Token HEAT 7 8. 55 17-18 4T NLZARYE &
LK) Token B (s BAF BIXT M FIAREAE B, FLAEAE 2 a0 Sz B 3% ILE
pred_positions H 7= %47 B AN A 7 ZERE I &, AR AT 400 2 1T SR
2N XA E (BN PAD_IDX) o iMifn B HEILE mask AL &, U HFR
ZENIR 46 token_ids X R id, B IEAFREE o
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LY PN
1 token ids = [101, 1031, 4895, 2243, 1033, 10029, 2000, 2624, 1031,....]
2 candidate pred positions = [2,8,5,9,7,3...]

3 num_mlm preds = 5
2233 PR %5 replace_masked_tokens() AL i i) 45 S N2 AL A «
1 mlm_input_tokens_id = [101, 1031, 103, 2243, 1033, 10029, 2000, 103, 1031, ...]
2 mlm label = [ 0, 0, 4895, 0, 0, 0, 0, 2624, 0,...]
X G, FAMER LLE L —AN R ECR A 1E MLM 1T55 B 75 22 2 1)1 2572k
W, ARG

1 def get masked sample(self, token ids):

2 candidate pred positions = [] # f@Ei&Tmmlfe:E 25

3 for i, ids in enumerate (token ids):

4 B FEMEROE FARAUE S R A TR JG, B A Sz hr B R k1A oo

5 BB AAZAL B A BN RE mask A7 E

6 if ids in [self.CLS IDX, self.SEP IDX]:

7 continue

8 candidate pred positions. append (i)

9 # R ErRS,  Hlaareer [ 2,3,4,5, ... ]

10 random. shuffle(candidate pred positions) # ikl B4 EL, HFF B
11 # P AL E s, BERT BB R ER UK 15%1) Token #:47 mask

12 num mlm preds = max(l, round(len(token ids) * self.masked rate))
13 logging. debug (f” ## Mask #{=~: {num mlm preds}”)

14 mlm input tokens id, mlm label = self.replace masked tokens (

15 token ids, candidate pred positions, num mlm preds)

16 return mlm input tokens id, mlm label

7E EIRARAS . 56 14T token_ids 2 1E A RIA A5 N7 51 1) Token ID (—
AFEARD o 2 3-8 4T HRIC S BT A vl RE A THE D 1Y Token & 51, R HERR
PHFIK Token. 25 10 47 @K T A ik 7 BT AL, AT 5 SLBENLIMEL . 55 12 1T
W SR VT 7 B THERE 1) Token (2R, BIUnJRIG® L /2 15% . 55 14-15
AT A E301 replace_masked tokens()ThAg k%, 25 16 47 NJ2 iR [l f 2%
MLM fE 45 F1 NSP 145 B % AN mim_input_tokens_id A1 MLM 1F 55 ) b5 2%
mim_label.

10.2.5 MEBAESHIE

TE A5 MLM FT NSP 9 AME5545 H BIFREAR MG %5, 1 34T f
o — NG AR EE R T R EARSE M, RS

1 @cache
2 def data process(self, filepath, postfix= cache’):
3 paragraphs = self.get format data(filepath)
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3!
32
33
34
35
36
B3
38
39
40
41
42
43
44
45

# R

A I, BATIRTURHRE B GUP A TEEN i)

data = []

max_len = 0

# max_len FIRICFEANHARE PR KTFIIIKE, FEEEHAMEN padding K HiriE
desc = f” ## IE{EMiE NSP Al MM ££4 ({filepath. split (. ) [1]})”

for paragraph in tqdm(paragraphs, ncols=80, desc=desc):

for i in range (len(paragraph) — 1): # wJi— BRI —a)E

sentence, next sentence, is next
= self. get next sentence sample (paragraphl[il,
paragraph[i + 1], paragraphs) # FJi& NSP FfA

logging. debug (f” ## Muit)cA: {sentence}”)

logging. debug (f” ## T —4)4: {next sentence}”)

logging. debug (f” ## F—fhs%s: {is next}”)

if len(next sentence) < 2 :
logging. warning (f”F)F {sentence} ] F—H) 8%%, iHEfE! )
continue

[self. vocab[token] for token in

token_a_ids

self. tokenizer (sentence) ]

token b ids = [self.vocab[token] for token in
self. tokenizer (next sentence) ]
token ids = [self.CLS IDX] + token a ids +
[self.SEP IDX] + token b ids
if len(token ids) > self.max position embeddings - 1:
token ids = token ids[:self.max position embeddings - 1]
token ids += [self.SEP IDX]
segl = [0] * (len(token a ids) + 2)
seg2 = [1] * (len(token ids) — len(segl))
segs = torch. tensor (segl + seg2, dtype=torch. long)
nsp lable = torch. tensor(int(is next), dtype=torch. long)
mlm input tokens id, mlm label =
self. get masked sample (token ids)
token ids=torch. tensor (mlm input tokens id, dtype=torch. long)
mlm label = torch. tensor (mlm label, dtype=torch. long)
max len = max (max len, token ids.size(0))
logging. debug (f”## Mask 2 J5 token ids: {token ids.tolist()}”)
logging. debug (f”## Mask 2 j5ial i 5%: {[self. vocab. itos[t]
for t in token ids. tolist()]}”)
logging. debug (f”## Mask 2 5 label ids: {mlm label. tolist()}”)
logging. debug (£”## MpikEA i 55 \n\n")
data. append ([token ids, segs, nsp lable, mlm label])

all data = {'data’: data, 'max len’ : max len}

return all data
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e EaRAAS . 5 1 AT i @cache 2 1ids FH TR 7 BRE B2 C AL 3L 58
G SR, BRI AT DAS W SCE[27]. 5 6 47 ) max_len AR
WEPRK PR, €580 HAER padding KEEMFR#E. S 9-10 177
B, fE MK [ RN B g UL B AN AR A1E MLM A NSP AT 554
Ao B 11-13 ATH TR NSP AR HA A 28 17-19 47 H T i+ NSP A£5%
W )i Bl S SRR UL B A IR BRI O 5 20-28 47 K45 )
[¥) Token /751 #5 34 token_ids, b 26-27 17 T HIW R P RS, X8 5840
AT R
R, 5 29-32 472 Wik Segment Embedding % A1 NSP 155 ) .
SFRRE; 2 33-36 AT AlMIE MLM AR5 A ARIBRAS . 2 43 AT R4
38 S8 U A DR AF 2] data XM AR 58 43-45 AT 52 [m] fe 4 HE AU 45 3
B AnAE A BEAR AR TE RN, FIRACAE 2 H T SR AL
1 — DEBUG: ## Miifgscd: RERFHOR, HBbHik
2 — DEBUG: ## F—HS0A: Pt
3 — DEBUG: ## F—fjtr%%. False
4 - DEBUG: ## Mask zpiidmas®: [0 [cLsl”, * K, ", "4, &, W, ', ",
L, T, R, KD, Sk, ISERT, CER, Y, R, A, T4, [SEPT ]
5 — DEBUG: ## Mask 2 #i token ids:[101, 7599, 857, 2212, 7676, 5709, 2347,
2226, 8024, 3189, 3241, 958, 3463, 1928, 102, 7239, 741, 3617, 2164, 7896,
7410, 2805, 102]

6 — DEBUG: ## segment ids:[0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1,
1, 1, 1, 1, 1, 1], FslkmER 23

7 — DEBUG: ## Mask ¥&JH: 3

8 — DEBUG: ## Mask 2 J5 token ids:[101, 7599, 857, 2212, 103, 5709, 2347, 103,
8024, 3189, 3241, 103, 3463, 1928, 102, 7239, 741, 3617, 2164, 7896, 7410,
2805, 102]

9 — DEBUG: ## Mask ZJgidmg%: [ [CLST’,” ), "4F, "4, [MASK]’, #8",” &, [MASK],

, DR, INASKDY, R, SR, [SEPY, AR, A, E M, #E, T [SEPY ]

10 - DEBUG: ## Mask 2 /5 label ids:[0, 0, 0, 0, 7676, 0, 0, 2226, 0, 0, 0, 958,
0, 0, 00 0,0,0 0, 0,0 0, 0]

11 — DEBUG: ## M4uifeAfyitssf

S A S A ) R, T B4 I R0 B log_level
=logging.INFO I n],

10.2.6 fiEIZGEIESE

TEBAN B AL PREE R S, ] AR & 15 21 e A R 210 B 75 L1 Datal
oader T o 1 N ARESAGE S VI 2 4E IR UEEE AR EE 3 #54) DatalLoader 144 i 2 -

1 def load train val test data(self,
train file path=None, val file path=None,

test file path=None, only test=False):
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4 postfix = f” ml{self. max sen len} rs{self.random state}”
5 7 mr{str(self.masked rate) [2:]}”
6 f” mtr{str(self. masked token rate)[2:]}”
7 f” mtur {str (self.masked token unchanged rate)[2:]}”
8 test data = self.data process(filepath=test file path,
9 postfix="test’ + postfix)[ data’ ]
10 test iter = Dataloader(test data, batch size=self.batch size
11 shuffle=False, collate fn=self. generate batch)
12 if only test:
13 logging. info (f"# R, WA {len(test_iter. dataset)}4")
14 return test iter
15 data = self.data process(filepath=train file path,
postfix= train’ + postfix)
16 train data, max len = data[ data’], datal max len’ ]
17 if self.max sen len == same :
18 self.max_sen len = max len
19 train iter = Dataloader (train data, batch size=self.batch size
20 shuffle=self. is sample shuffle,
21 collate fn=self. generate batch)
22 val data = self.data process(filepath=val file path,
23 postfix="val’ + postfix)[ data’]
24 val iter = Dataloader (val data, batch size=self.batch size,
25 shuffle=False, collate fn=self. generate batch)
26 logging. info(f"# &REINZERA ({len(train iter. dataset)}) 4. 7
27 ' RERA ({len(val iter.dataset)}) 47
28 7t EREA ({len(test iter.dataset)}) 4~.7)
29 return train iter, test iter, val iter

FE EIRACRS 55 4-7 72 MR A N IR R SRR M i — A A B 4
HIZAF K, ORI S AR R ER, R& A7 AR AL
LR AR SRR Fross:

1 songci test mlNone rs2021 mrl5 mtr8 mturb. pt

IXFEAE BRSO AR I 40 SR 2 A LR FRUAL 3342 17 ) B3 AN BRI

5 8-14 47 52 I KA & WA £ oS BEFK) Dataloader. 55 15-21 47 U FH -1 2
YIZREEFT T M. DataLoader, FLrhanR self. max_sen_len Jy same, HB-ATEXAEA
AT padding 2y DUEEANEE i KA A K B PR iEE4T padding, %2408k
WIEGL TN None, BPLAEEA batch H s KA AR EREAT padding, 22 FHK
NAETTUZS N, 4.2.4 55 4 BHEd; 5 22-25 47 W72 3438 5 ik 5 B o 2
Datal oader .

Bk, XFTEEA BERT MBI TSR BE SE R TE R T o
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10.2.7 A=A
TEBA KLY DataLoader M5 e fa, fFnl i@ 7 =k TEH

1 class ModelConfig:
def init (self):

© 0 3 O O1 » W DN

e S S S
D O = W DN = O

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

self.

H OH H O H O H H H H O H H

self.

self.

self.
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.

project dir = os. path. dirname (os. path. dirname (
os. path. abspath(_ file )))
======= wiki2 FIEEMHKIAE

self. dataset dir=os.path. join(self.project dir, data’,’ WikiText )

self. pretrained model dir = os.path. join(self. project dir,

"bert base uncased english”)

self. train file path = os.path. join(self. dataset dir,

"wiki. train. tokens’)

self.val file path = os.path. join(self. dataset dir,

“wiki.valid. tokens’)

self. test file path = os.path. join(self. dataset dir,

"wiki. test. tokens’)

self. data name = ’wiki2’

self. seps = .

======= songci HHEHEHM A E

.dataset dir = os.path. join(self.project dir, ’data’, *SongCi’)
.pretrained model dir = os.path. join(self. project dir,

"bert base chinese”)

.train file path = os.path. join(self. dataset dir,

" songci. train. txt’)
val file path = os.path. join(self. dataset dir,
" songci.valid. txt’)
test file path = os.path. join(self. dataset dir,
" songci. test. txt’)
data name = ’songci’
seps = o
vocab path=os. path. join(self. pretrained model dir, ’vocab. txt’)
model save dir = os. path. join(self.project dir, ’cache’)
logs save dir = os.path. join(self.project dir, ’logs’)
is sample shuffle = True
batch _size = 16
max sen len = None
max position embeddings = 512
pad index = 0
is sample shuffle = True
random state = 2021
masked rate = 0. 15
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40 self. masked token rate = 0.8
41 self. masked token unchanged rate = 0.5
42 ...

1E_ RS A, 25 5-16 174 wiki2 ¥R M AH S #% 42, T 17-28 47172 songci
B AR MIAR R AR, P DRI 75 B AT V)4 . 55 29-42 47 T2 e ¥ Tkt
HRIRIAE SR -

e Ja, BAMER @ a0 77 2ok SE1162K LoadBertPretrainingDataset FF4
FHRL ) 45

1 if name == nmain ’
2 config = ModelConfig()
3 data loader = LoadBertPretrainingDataset (
4 vocab path=config. vocab path,
5 tokenizer=BertTokenizer. from pretrained/(
6 config. pretrained model dir). tokenize,
7 batch size=config. batch size,
8 max sen len=config.max sen len,
9 max position embeddings=config.max position embeddings
10 pad index=config. pad index,
11 is sample shuffle=config.is sample shuffle,
12 random state=config. random state,
13 data name=config. data name,
14 masked rate=config. masked rate,
15 masked token rate=config.masked token rate,
16 masked token unchanged rate=config. masked token unchanged rate
17 seps=config. seps)
18 test iter = data loader. load train val test data(
19 test file path=config. test file path, only test=True)
20 for b token ids, b segs, b mask, b mlm label, b nsp label in test iter:
21 print (b_token ids.shape) # [src len, batch size]
22 print (b_segs. shape) # [src len, batch size]
23 print (b_mask. shape) # [batch size, src len]
24 print (b_mlm label. shape) # [src len, batch size]
25 print (b_nsp label.shape) # [batch size]
26 break
R S
1 - INFO: 2Ef73c#k ~/BertWithPretrained/data/SongCi/songci test
2 mlNone rs2021 mrl5 mtr8 mturb.pt fEfE, BEEFHRANZLE M

3 — INFO: #8# pURENAEE, —IAEHA 6249 4
4 torch. Size([12, 16])
5 torch. Size([42, 16])
6 torch.Size([16, 42])
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7 torch. Size ([42, 16])
8 torch.Size([16])

2L, % BERT #2844 NSP A1 MLM X P AN TR R AT 55 0 ds 42 1 A i d 72 2
AT T . IR, KRG W] SEBLIX P AT 55 X B T A% 7 L FE

10.3 FRINZRIESS LI

RIEE 1A AE A, BERT Il Zid A2 3EM MES: NSP A1 MLM.
TSR KSR GRS N I 3 4 T AR S I AT 25 BE AN IR (AR S R AR, AR
AR SELBIX TS, o BB E 45 S B ok S BERT T ZRAT55 .

10.3.1 NSP {E& I
HH T NSP AT 55 S UlE R BN TR B, B DL AR X B At B ey AR

1 class BertForNextSentencePrediction (nn. Module) :

2

3 def init (self, config, bert pretrained model dir=None):

4 super (BertForNextSentencePrediction, self). init ()

B if bert pretrained model dir is not None:

6 self.bert = BertModel. from pretrained(config,

7 bert pretrained model dir)
8 else:

9 self.bert = BertModel (config)

10 self. classifier = nn.Linear (config. hidden size, 2

11

12 def forward(self,

13 input_ids, # [src len, batch size]

14 attention mask=None, # [batch size, src len]

15 token type ids=None, # [src len, batch size]

16 position ids=None,

17 next sentence labels=None): # [batch size, |

18 pooled output, = self.bert(

19 input ids=input ids, attention mask=attention mask,

20 token type ids=token type ids, position ids=position_ ids)
21 # pooled output: [batch size, hidden size]

22 seq relationship score = self.classifier (pooled output)

23 # seq relationship score: [batch size, 2]

24 if next sentence labels is not None:

25 loss fct = nn. CrossEntropyLoss ()

26 loss = loss fct(seq relationship score.view(-1, 2),

27 next sentence labels.view(-1))
28 return loss

29 else:

30 return seq relationship score
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ERAHSE A NSP AL HISEEL, w LUR BIHAT Eat /g — NS0/ 38
55, MO BERT #2 i Ja — =4 K [CLSIE— 70 SRAESS R AT, X B
FEHAMAEIIE T

10.3.2 MLM £ 21

LA NSP, X FSEEl MLM ARG RUEMIRMER S T — sl B2
BERT ARz 5 — J= [yt b AT — IR A A b AL, ,m):ﬁﬁﬁl Token 27
AT 55 SH T 4 4 5 34 3 0T B (1) Token 3% /N 4% 285 14 i €] 10-3 Bk

C BERT Model )

[src_len, batch_size, hidden size]

4

( FC && Actlvatlon && LayerNorm
T1 lz T[sep 'T [SEP]
_r_
i 4
FC & Softmax

6 éé

[src_len, batch_size, vocab_size]

10-3. MLM £ M LZLEE]
nfE 10-3 PR fERIE MLM AR R RS . B8 BERT AR E—
E s, TR N[sre_len,batch_size hidden_size]; X5 B4t —wk (k) &EAp
P FFRUELL, IR ERE A [sre_len,batch_size,hidden_size]; /o &t — Nk 2E
XA Token HEAT 70 FACHELR 2 1 B Ja TGS 3, TR N [src_len,batch_siz
e,vocab_size].
ISR AN S AT LLSE 3K BertForLMTransformHead K58 % F ik 3 5.

1 class BertForLMTransformHead (nn. Module) :

2 def init (self, config, bert model embedding weights=None):

3 super (BertForLMTransformHead, self). init ()

4 self.dense = nn.Linear (config. hidden size, config.hidden size)
5 if isinstance(config. hidden act, str):

6 self. transform act fn = get activation(config. hidden act)

7 else:

8 self. transform act fn = config. hidden act

9 self. LayerNorm = nn. LayerNorm(config. hidden size, eps=le12)

10 self. decoder = nn.Linear (config. hidden size, config.vocab size)
11 if bert model embedding weights is not None:

12 self. decoder. weight = nn. Parameter (bert model embedding weights)
13 # [hidden size, vocab size]
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@
14 self. decoder. bias = nn. Parameter (torch. zeros (config. vocab size))
15 def forward(self, hidden states):
16 hidden states = self. dense(hidden states)
17 hidden states = self. transform act fn(hidden states)
18 hidden states = self.LayerNorm(hidden states)
19 hidden states = self. decoder(hidden states)
20 return hidden states # [src len, batch size, vocab size]

e ERARE 5 4-8 47 R RE SCH B (FF) ZetEAR#e. 5 9-10 47 W2 H
R SON N FIFR HEAC AN B S5 () 40 2R 2 o 56 11-12 W2 FH SR I T B Jim 40 2R 2 H AL
H YL E ) BERT £ Token Embedding H A E S5, A MLM £ &
S BTN 2L 73 5 55 T Token Embedding #0570 REH IR ES
T LA Token Embedding H AL B 2 44[26]. 55 15 47 46 W& 0B 1 i )
RIS RE . 26 16-18 1TALBEJ5 45 R IR A [sre_len, batch_size, hidden_size].

G, 87—, £E Token Embedding a2 [ TR A [voc
ab_size,hidden_size], MMifk/a—17r K ENESHIILIR Jv[hidden_size,vocab_siz
e], PR F2iE PR IX B AL bert_model_embedding_ weights %1% 555 & J5 4 R
SH. AEESE 12 /7R H RN EEEHRES T RE - ZRNESH, X
N AW ? JFAE PyTorch ) nn.Linear(), AUE S E BRI\ KIvIaE4L J7 Rt 2
1 self.weight = Parameter (torch. Tensor (out_features, in features))

ALK PN YEREREAT 7S #R, BT CLNIGE £E 52 RIS A O AR AT 44 1.

BHE, TAVER LLEE 0 N AR R SE I MLM {155

1 class BertForMaskedLM (nn. Module) :

2 def init (self, config, bert pretrained model dir=None):

3 super (BertForMaskedLM, self). init ()

4 if bert pretrained model dir is not None:

5 self.bert = BertModel. from pretrained(config,

6 bert pretrained model dir)

7 else:

8 self.bert = BertModel (config)

9 weights = None

10 if config.use embedding weight:

11 weights = self. bert. bert embeddings

12 word embeddings. embedding. weight
13

14 self.classifier = BertForLMTransformHead (config, weights)

15 self. config = config

16 def forward(self, input ids, attention mask=None, token type ids=None,
17 position ids=None, masked lm labels=None):

18 _, all encoder outputs = self.bert(

19 input ids=input ids, attention mask=attention mask,

20 token type ids=token type ids, position ids=position ids)
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21 sequence output = all encoder outputs[-1] # It Bert &5 2

22 prediction scores = seclf.classifier (sequence output)

23 if masked Im labels is not None:

24 loss fct = nn. CrossEntropyLoss (ignore index=0)

25 masked 1m loss = loss fct(prediction scores. reshape (-1,

26 self. config. vocab size),

27 masked 1m labels. reshape(-1))

28 return masked lm loss

29 else:

30 return prediction scores # [src len, batch size, vocab size]

e FRARSH, 56 4-8 47 H TR [FI15 2] JF 451 BERT B4, 25 9-12 47 N2 HL
Token Embedding AL ESH. 5 14 172 iR 453 MLM £ 452 64% )5 1F)
TR 5 18-21 /721K [F145 2 BERT A TE 25, JFRERE—Z, It
B I TR N [src_len, batch_size, hidden_size]. 2 22 1702 58 & i MLM 532
55 K%, 2R N[src_len, batch_size, vocab_size]. % 23-30 47 N AR B FR 2 2
37 KR [BIAS [R] % 25

F, T MLM AESS B SE I E A A 4H5E T

10.3.3 HiEMEE

2o BT A AR, B FROREEARSEIL NSP A1 MLM AE55 838451
DES T o BRI s

1 class BertForPretrainingModel (nn. Module) :

2 def init (self, config, bert pretrained model dir=None):

3 super (BertForPretrainingModel, self). init ()

4 if bert pretrained model dir is not None:

B self.bert = BertModel. from pretrained(config,

6 bert pretrained model dir)
7 else: # WREAHE TGRS, WFEYIYILE A W 2454 E

8 self.bert = BertModel (config)

9 weights = None

10 if ’use embedding weight’ in config. dict _ and

11 config. use embedding weight:
12 weights = self. bert. bert embeddings

13 word embeddings. embedding. weight
14

15 self.mlm prediction = BertForLMTransformHead (config, weights)
16 self.nsp prediction = nn.Linear (config. hidden size, 2)

17 self. config = config

18

19 def forward(self, input ids, # [src len, batch size]

20 attention mask=None, # [batch size, src len]
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21 token type ids=None, # [src len, batch size]

22 position_ids=None,

23 masked 1m labels=None, # [src len, batch size]

24 next sentence labels=None): # [batch size]

25 pooled output, all encoder outputs = self.bert(

26 input ids=input ids, attention mask=attention mask,

27 token type ids=token type ids, position ids=position ids)

28 sequence output = all encoder outputs[-1] # It Bert & )52
29 mlm prediction logits = self.mlm prediction(sequence output)

30 nsp pred logits = self.nsp prediction(pooled output)

31 if masked Im labels is not None and next sentence labels is not None
32 loss fct mlm = nn. CrossEntropyLoss (ignore index=0)

33 loss fct nsp = nn. CrossEntropyLoss ()

34 mlm loss = loss fct mlm(mlm prediction logits. reshape(

35 -1, self. config. vocab size), masked Im labels. reshape(-1))
36 nsp loss = loss fct nsp(nsp pred logits. reshape (-1, 2)

37 next sentence labels.reshape(-1))

38 total loss = mlm loss + nsp loss

39 return total loss, mlm prediction logits, nsp pred logits
40 else: # [src len, batch size, vocab size], [batch size, 2]

41 return mlm prediction logits, nsp pred logits

fE LIRS, 56 15-16 41770 72 1R 0145 2 25140 )5 ) MLM R NSP AT 5545
B, 55 25-27 AT N2 iR b BERT AL FT A fartt . 28 27-30 475270 | B BERT
AL Ay HH PR A [R) 350 4K 4 5330 AT J5 42 ) MLM AT NSP AT 45, IR IsF sequence_output
FIFEAR N [src_len, batch_size, hidden_size], mim_prediction_logits #1248 A [src_len,
batch_size, vocab_size], nsp_pred_logits /4R M[batch_size, 2]. 5 31-41 171)&
FRAE & 5 A b 25 AR IR g 25 5, [FIRT 7R B E R A2 58 37 47IR A
72 NSP+MLM P/ ME S5 B4 R A E A BARE R () a0 55 39-41 1T MRE %
A (R AR AN [R] R 45 SR

FHEXST NSP AT MLM AE 55 B R SEIL A7 5L 41 5¢€ T« A AL IX B[]
FEEFRBE R KIS, 1EBAT ) ARG I Ik B e 5 A B 4 S — g il 2%,
FB RGP EE SN B AL, IXFE R 5 B R A

10.4 BBV SHIE

FESZILTEHA NSP A1 MLM 3543 AR J5 48 7T ATFaE AT R 10311 2o [
I, 23 I 255 2 S R R S 80 AT AR SR AE R AT 5% b AT I -
10.4.1 t&AY)IZ

St 4 A 700 )1 35 4 1) AR L S R 2 M B T L RO AR 5% A 48 2
AN, W9 T 685N 48 Hh i Y 2588 1 g A 28 S M AR X BLINON T — e
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@®

It Tensorboard A ARAK I ARAD o FE T3 35 40 AR R A5 AR It 70 PR 8 70 SR i AT A4
A IR

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Sl
32
33

def train(config):

model = BertForPretrainingModel (config, config. pretrained model dir)
last_epoch = -1
if os.path. exists(config. model save path):

checkpoint = torch. load(config. model save path)

last epoch = checkpoint[’ last epoch’]

loaded paras = checkpoint[ model state dict’]

model. load state dict(loaded paras)

logging. info ("## MIHBMACHMA, HTEMIIL. .. ... )
model. train ()
tokenize = BertTokenizer. from pretrained(config. pretrained model dir)
data loader=LoadBertPretrainingDataset (vocab path=config. vocab path,...)
train iter, test iter, val iter = \

data loader. load train val test data(config. test file path, ...)
no decay = [“bias”, “LayerNorm. weight”]

optimizer grouped parameters = [

{
"params”: [p for n, p in model.named parameters ()

if not any(nd in n for nd in no decay)]
"weight decay”: config.weight decay,

“initial 1r”: config. learning rate

”

params”: [p for n, p in model.named parameters ()
if any(nd in n for nd in no decay)],
"weight decay”: 0.0,
“initial 1r”: config. learning rate
1
]

optimizer = AdamW([{”params”: model. parameters (),

“initial 1r”: config. learning rate}])
scheduler = get polynomial decay schedule with warmup (optimizer,

config. num warmup steps, config. num train steps, last epoch=last epoch)

A LIRARED, 35 2 (7RSO LBURRS R 38 40 17 B MU T LA

FAFERY (RN i #2 A R A7 R R AT B I 25 ) X BLEAS — U2 2 FT A
W EARLE last_epoch XANSH e A T RN eI 5 2% > % LL K Tensoboard F14H
KA AR B AE b — IR ARAT R IR ES s 28 11-14 AT R BN VI AT BT 75
B BIMEAEEE; 55 15-29 172 i 580 gl o6 2 40 7 Bk T AU E T (st 2
L, (ML), WISEe S EORN TR B AT B ZE 08, [RIB AR 5 07 1%k 25144 AT %0 BT A bias
LayerNorm #H5C S EEAN T B AT IE WAL AL BE; 28 30-31 17722 X Mfess, JIF
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for epoch in range(config. epochs) :

losses = 0
for idx, (b token ids, b segs, b mask, b mlm label, b nsp label)
in enumerate (train iter):
Zoo....
loss, mlm logits, nsp logits = model (input ids=b token ids
attention mask=b mask, token type ids=b segs
masked 1m labels=b mlm label,
next sentence labels=b nsp label)
optimizer. zero grad()
loss. backward ()
optimizer. step ()
scheduler. step ()
losses += loss. item()
mlm ace, , , nsp acc, , = accuracy(mlm logits, nsp logits,
b mlm label, b nsp label, data loader.PAD IDX)
if idx % 20 == 0:
config. writer. add scalar ( Training/Loss’, loss.item(),
scheduler. last epoch)
config. writer. add scalar ( Training/Learning Rate’,
scheduler. get last 1r() [0],
scheduler. last epoch)
config. writer. add scalars(main tag=" Training/Accuracy’
tag scalar dict={'NSP’ : nsp acc,
"MLM : mlm accl,
global step=scheduler. last epoch)
train loss = losses / len(train iter)
if (epoch + 1) % config.model val per epoch == 0:
mlm acc, nsp acc = evaluate(config, val iter, model,
data loader.PAD IDX)
config. writer. add scalars(main tag=" Testing/Accuracy
tag scalar dict={ NSP’ : nsp acc,
"MLV : mlm acc),
global step=scheduler. last epoch)
if mlm acc > max acc:
max_acc = mlm acc
state dict = model. state dict()
torch. save ({" last epoch’ : scheduler. last epoch,
"model state dict’: state dict}
config. model save path)
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fE FiRARH 5 6-9 AT R A AT A AR AR 28 10-13 472 I A% 4% A
FRZEIEHIERE: 28 14-16 177 A2 91 2% 10 Bt AP AN PRI ST 55 AE R 22 1)
5L 5 18-26 AT =X IZRIE RE PR I . 22 S R ANUER R AT AT AL 5
29-32 AT & THE AL AE SR EvErf 2, IR RN BEAT AT AL AL B 58 33-38 AT
T PRAFAE DA SE _E MLM AT 55 UG fi RAEAf ZR IR BT 0SB R AR

Bk, X TR NN T BN, BENZRE R
A RN B B
1 — INFO: Epoch: [1/120], Batch[ 0/7836], Train loss : 1.897, Train mlm acc:
0.0, nsp acc: 0.537
2 — INFO: Epoch: [1/120], Batch[20/7836], Train loss : 1.786, Train mlm acc:
0.0, nsp acc: 0.562
3 — INFO: Epoch: [1/120], Batch[40/7836], Train loss : 1.812, Train mlm acc:
0.0, nsp acc: 0.489

2%, AR Bt S B R EANMERS R (1AL i 18] 10-4 For .

tag: Training/Accuracy tag: Training/Loss

W"-—--w—v—w—r:: 2.2

40k 80k 20k 60k 200k 0 40k 80k 60k
10-4. fREURLFERHRTLE
WP 10-4 Fiw, 22388 NSP AT MLM BN T ST 45 B AR 35 2R i AR AL A% D5
e 300 0 B 2R R0 AR 7 T 28 20 79 NSP AT MLM X P AME S5 AE I ZR 45T B R R
ARG Lo AT B AR R E UTE VI 25 4E A B AR ISR, (B2 eI
SR BEAAI 2R W ANE, i 10-5 Fix.

tag: Testiﬁg/Accuracy

8 ®

0 40k 80k 120k 160k 200k
10-5. HENKEIERRRETILE
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ZHRAGTERIHE AR — AN, FERERG X AT 88 A2 B T8 i R 1] £ s
A LR ), AN B A8 SO RN SRR AN 2R 10 ) R LB s DR B
B AER 2#7 XS FiIE . [ NSP A1 MLM (L5 M5 W 2
ZHABFEALYIE A IR &AM R S50 4R, AHERRACRE R A7 R
A1 Bug MBI« ANt J5 22 A 2 4k 2 S R AR AR, g A 0 1 &5 SR HEE 21 A
.,

10.4.2 FRAIHETE

TERLRL SRR TN R R5E 8 G, N AT R G A5 2 4 3850 29 R S B
b HEEE R 43 B SE LA AR B R OH5 IR A A 3 A TR B 2 52 1 B A =X
()3 AR AR T ) £ A 38 Tl & SR o ) 5 X AR L iy Hh) 45 SRR AT R AL A 345 3
B 2 R T 25
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1 def inference(config, sentences=None, masked=False, language="en’):

2 tokenize = BertTokenizer. from pretrained(config. pretrained model dir)
3 data loader = LoadBertPretrainingDataset (vocab path=config. vocab path,
4 tokenizer=tokenize. tokenize, pad index=config. pad_index,

5 random state=config. random state, masked rate=0. 15)# 15% Mask
6 token ids, pred idx, mask = data loader.make inference samples(

7 sentences, masked=masked, language=language)
8 model = BertForPretrainingModel (config, config. pretrained model dir)

9 if os.path. exists(config. model save path):

10 checkpoint = torch. load(config. model save path)

11 loaded paras = checkpoint[ model state dict’]

12 model. load state dict(loaded paras)

13 logging. info ("## FINEA CAHBRBETHER. . .. .. ”)

14 else:

115 raise ValueError (f”#i% {config.model save path} AfEfE! 7)

16 model. eval ()

17 with torch.no grad():

18 mlm logits, = model (input ids=token ids, attention mask=mask)

19 pretty print (token ids, mlm logits, pred idx,

20 data loader. vocab. itos, sentences, language)

7E_EIRAREG 55 3-5 47 AHTEA 1L 2K LoadBertPretrainingDataset, [F]F 75 Z i
B2 B e T =, AT AR FE A masked_rate AT LU ERAE, AHRIR
15%. £ 6-7 47 W2 A% N INARE A 3 4 i A e 2 T 3, Horh masked 2
2 FH R E N B AR A % AT mask AR, W SEA W A 3%
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masked_rate ] LEBI3E4T mask #4E; language S0 T AR BRI,
55 9-13 AT MR NI ORAFLF B RUR WA TE T o 25 17-18 AT 215 BB Hi
[ HE A S 25 R o 28 19-20 47 /2 MR HE AR AL 1) iy ) 4% 478 o tH 45 SRR A N0 15 21 A
e,
2, AIRLE I a0 R U7 2Ok e OB U HER S AR, ARSI T

if name == main ’

config = ModelConfig()

train(config)

sentences = ["HHEAIEHNTEE. AEE. AR TR, LO1EER. 7,

TR BRI, iR E RN 7]

inference (config, sentences, masked=False, language= zh’)
FIRRIEIEAT SR G M BRI T o 25

— INFO: ## WIERA CAEREATHERL - o

— INFO: =## Jigh. JAKIL, BAKILE.

— INFO: ## #&&%: FAEKIITL, [MASKI{E4 MASK]E.
— INFO:  ## 7. RAKIIL, BAKIME.

INFO:
- INFO: ### JRgh: HHEEAWE, HRKITK.

= INFO:  ## #ea5: HHEEAMASKIE, 3t [MASKIKILK.
— INFO: ## 7. HHBEAWE, KKK,

S O > W N

© 0 N O O1 & W NN o~
|

TEVER RS, BT HArEA RN REE LA gh BIEATEAR, Bl iR IR
MR RILE I Zh 48 R 45 R
10.4.3 &I

TEN B BN TG SE IS FE fG, &5 — 2P it & DB )l k45 3 g Ase 1Y
iz FHE FIES . 298, SLliX—H WA E R, R B REIT e
B E T @y 44 4 pytorch_model.bin, 285 & et 2 5 ) SCAEFRI AT o X R i v DAAEL Y
A BT FIHAT 5 — FEX T A TR0 1
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B, B DN A T ] N R SR BERT #28L, HESA Input
Embedding )58, BertModel F SR LA K G fe] 52 s Tt Il S A5E A P 0 A AR (1)
TN, RIGNAE TET BERT Tl ZAT (VU K HOEE S5, W& H
K HRUMTSS SIS 3 AT S5 ol U BRAT 55 A0 1) /R B B AT 55, [RIIT E4 iF
fife 7 AEXT AR AT U R AR O HE TS, nshaS52 2] 1 IR#EAE T Tensorboard it
IR R AT SE . Ba, BRI 4E 7 BERT A2 NSP A MLM 1%
PAMAT S5 B SE B RE s DA A i — AN 38 FH 0 T B e, KR R fE AR B
O 75 B S — AN XAk R B0 mT DAPRGEH AR B O Eiiis 45 b 5 i A 1
RIMIUNZR TAE. 498, BEAMALE G B RARE SEPR i L4k S 4k 78— Le 5L T BERT il
WGP BRI E, R R AR IR S5 .

KRN EFBG T, R WERARGEAS FaR N R BT s B,
Aoy B — AR IR L B A AT SE 0 52U 1IN E A RS nulls8 B N
BT L. BILAM, SKKR, BRITARZHRNL!
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