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| now call it "self-supervised leaming”, because "unsupervised” is both
a loaded and confusing term.

Supervised

In self-supervised learning, the system learns to predict part of its input
from other parts of it input. In other words a portion of the input is used
as a supervisory signal to a predictor fed with the remaining portion of
the input.
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Masking Input
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Next Sentence Prediction
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WE, HIE—MRKFS, SEAANDF, HSEPTRCHIRIEMNCLSIRES T, MRF(HBEES
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* This approach is not helpful.

_ Robustly optimized BERT approach
Linear |— Yes/No (ROBERTa) https://arxiv.org/abs/1907.11692

1 * SOP: Sentence order prediction

Used in ALBERT
https://arxiv.org/abs/1909.11942
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af://n41

RXNGENERTRE, HISRURENRNOFIERBIER. JEEMMAIRENY: BEA9F1EST
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it—LDownstream Tasks AIBIF,
—- BERT
Self-supervised

Learning * Masked token prediction
Pre-train * Next sentence prediction

Fine-tune
Model for Model for Model for
Task 1 Task 2 Task 3

Downstream Tasks  » The tasks we care
¢ We have a little bit labeled data.

FmMBAY "Downstream Tasks "218, {REIEXOENES. B, HFEAVEILBERTEIMIXL(ESAT,
AR BFE—LEITCHER.
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General Language Understanding
Evaluation (GLUE
GLUE (CLYe)

https://gluebenchmark.com/

* Corpus of Linguistic Acceptability (CoLA)

* Stanford Sentiment Treebank (SST-2)

» Microsoft Research Paraphrase Corpus (MRPC)
* Quora Question Pairs (QQP)

» Semantic Textual Similarity Benchmark (STS-B)
* Multi-Genre Natural Language Inference (MNLI)
* Question-answering NLI (QNLI)

* Recognizing Textual Entailment (RTE)

* Winograd NLI (WNLI)

GLUE also has Chinese version (https://www.cluebenchmarks.com/)
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Source of image: https://arxiv.org/abs/1905.00537

B7TBERT, GLUESS, tBERIMESHIFEINED, MSDREEN., mXKEF, 1EHERARENE
8, XEBFHT, {ReJLA&I, BRTELMOFIGPT, HABAIAERESZBERT, FRFBERT,

FenE, JTARNIE, CHEARDXMES LRERE, Ba, HIMEXNEME, XBES—
RRE—MES, B4, (AL EMASRIERERTIERE?

ARRYEBER, MRMNCAKTF, XERREMSAT, WRAMNEAEE, XEQRIERSN
T, XREAXEES, IHNSTIEARERE. SMISERITHNETREREN, EFERRE
HERE. MNRFNRAZBRE(INE, TREEREENM. AL, XERNENEAXZENES.

FTLA, ARSI, FERFRIOMES S, RE1MES, VSSTLELASIEE. BEURESAIRAR
BHRH, MRMEZHEE3MESTLULAKSMISEYF. TR AMAKRNES, EfBEFmnE
EO

HBHZERTISRGLUESSNFIE. KA —LaBRE, HINXLNET, EEBETAK, 3

R XRRXEHEENER, AFEWRENSENERR BT TAK, cEXEHEELETTA
xR, XEHREXLEIREATERERIIRIRN, MEEREAEL,

PLA, EGLUEZfE, BAMT Super GLUE, fbfiJEITEMRIBAESHIRES, ILHBRER. 1F
7! RRXIEERNENEEREFAR, B TBERTIXHFIRA, HSEBAIESAESEAYEENHEEX
ERNEHR T —H.

BERTZIEZEEARKIVE? BANGLEHAN KT BERTRIRLAEZM,


af://n84

How to use BERT

Case 1: Sentiment analysis

F—NEFIRXEN, BURIZEAIBIDownstream Tasks BBMA—1FS, ARiEH—"class, X2

AN
PN,

EeamsiSentiment analysistiERo T, MESGTR—1EF, ILEHINX MG FRIEREEREIT.

class Input: sequence
I output: class
‘ Li Random Example:
inear =P _ _
initialization Sentiment analysis
! Better than random th|5|sgood
L Init by pre-train :
A
- ositive
[ BERT ] T
1 1_ 1 This is the model
[C[S] " W, Ws to be learned.
sentence -

ST BERTRIE, ERIAMAIRRBRDHTAIRIREAT?

RRBLEE— 0T, EHEIMERERAMBENGF, ASECLSIFCHEXMIFRIBIE, KNI
Z1RE| T CLSHRIC., FANBCLSARCHERIE, YIZIBERTH XANMASEFR EXIREANGH, AE, &
IIRECLSKIERS . CLSTEXEHmEH—MAE, E(IIXWE#H TLinear transform, tBHEKERA—

Linear transformfJ%EfE, 1XEEEME T Softmax,

SR, TELER, (R IUA{RAIDownstream Tasks 1RAHRICENE, R2GiER, BERTIRBAINEMLIFA
FRRIBROITIARE, (RMAAEEMBERTIRM—ARCEIR, FHEERTIRERENTF, URENIHIIE
TRIRE, )IIZRXNBERTHERY,

1E)|ZR89H&, Linear transform#IBERTIERERE R FHGradient descentSEE IS0,

e Linear transformfU& 2N AIALEY
o MBERTHISEEHFERETAIBERTIIIRILAT.

BRBATNGARERIRHR, HABEDRUSE, HOFBREETIERENXLSY, K=

minimize loss,

Flan, EAIEEMISESZ, BE, BRITEEBERT. BIRAUEENEAWITENSE. BHiIE—
WD AYER S 2LinearX 8, BERTHIBTFE— 1 EXAYtransformerfJEncoder, XNNMEHISEIA
EHENIAE. BRTETHBERTSE, MEIX MBSHIBERTHIEASEWIHL.
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BENAIIR TS EINERINELF, SREFRETHBERTHIEIXERS, ERIRSLLMEHAIRBERT
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Pre-train v.s. Random Initialization

(fine-tune) (scratch)
0.8 A == MNHNLI fine-tune
B T o 4 '\ =#= MMNLI scratch

" Y == RTE fine-tune
g 0.6 '\ =4 RTE scratch
9 +— —— MRPC fine-tune
= \ —&- MRPC scratch
c 0.4 \ —— S55T-2 fine-tune
E \{\ LN —m- S5T-2 scratch
‘©
© -
P 0-2 *

o
o

0 2 4 6 8 10 12 14 16 18 20
Epochs
Source of image: https://arxiv.org/abs/1908.05620

EXBEERNETE—MIF. EHE)IGEE, NHM)IgRE, ZIEmALE, KEXME—ER
T, BEENIERIHT, IRRSNRSEREE, XM ESEBIERE, BSMES. BIFAaERX
LESHET, HRBIRAESFMES.

o "fine-tune"RISEEF BT IUIE, XEMBHIBERTERS . Z2PoHISHEHRFIFIRIBERTAIS
HekRmAh, LUERNEA,
o scratchFTRREE/MERY, BFEBERTHIENcoderEBoER 2RI,

B, TGS, scratchSRZSETSHIBERTYIAAIMEELL, IREATIFEILERIE, &F5 B
BEIIAH SERIMBAURK RS T AF I ETAIBERTHIA LIS EL,

o L{RiF{TSelf-supervisedZIRT, 1RERAT XENFTIRICEUE.
e 534k, Downstream Tasks FEE/VEANFICENE.

FTBRY "FiE "BiE, FMEABRITREEENDENEREEIE, XAMBRHEFRA "HFinE", FrblE
FEBERTHIZEE NI R RIELLR FAPre-TrainfFine-Tune, BAILUEMA—FFEEE A,

Case 2 : POS tagging

BINEGZR, IA—NFF, REBHHEES—FY, MEAGSEAH<ERE—F0. B(IEHSelf-
AttentionfIRT{E, thEETSEUIRYFIF. a0, POS tagging.

class class class
T T 1 Input: sequence

( " output: same as input
‘ Linear Linear Linear ‘
L . J Example:
T T T POS tagging
1 | | | saw a saw
[ BERT ] \
[ 1 t 1 N VDETN i
[C S] W4 W5 Wy -

sentence

POS tagging BB ZIAMIRC. FEYS—MEF, BUASFRXMEFHEMINEaHE, REXD
AZEERER, EAIEEAREME.
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RREMBERTMA—MNIF. ZfE, NFXMNOFHRHNEF— MRS, E2—NHXEE, §—MEX
MNEFEENEE, A, XEEELREBIDLinear transformflSoftmaxE. &g, MESTINLE
TEERREIFTERIEE, BIan, ErvEt.

SR, FBIBRTRIVESS, MRRAVESAR, ENARIERRE. & FRIFEHISEBINEMN1T
£—r. REER, FFEEE—LINCHEE. XIDARR— M HERD KRR, W—FENZE, BERTEB
73, BDMZEAYENcoderdty, HBEARBIRM. EMmillidizd, ek TAEHNSH.

LR, RIEXBEEFIGFETERESWHE. BR, (RYLUEXEEFXEMESS, Flan, (ReT
LUBEISRIESES, SESRITENMIESS. FKESelf-supervised Learning—T591EE], EE.
XAMBEGEST U FRRA—HIEE. EATENFIFENF, BXIRARMPRFLENF, BifaLL
FFEMES, itENRE.

Case 3: Natural Language Inference

EEGBH, ERMARNMF, BH—EE, 577, FEANRFILRNIFABAN, BH—N2E5,
HAFERMESFREUX A AFIREILE? RENAIZENatural Language Inference , BRIFEEENLI

Input: two sequences
Output: a class

Example:

contradiction Natural Language Inferencee (NLI)

entailment
neutral I

¢ ) premise: A person on a horse

‘ Model jumps over a broken down airplane

[ hypothesis: A person is at a diner.] contradiction

MEREHMAOZA T, EEEYUEMTRPIEREREE. XTERSXMIRETFELR? ERE(IFAZ
BFEeF?

EXANMIFF, BARRIRE, — I ABED, REhBHE—28% W, XImERREE. BXMaF
SChr ERXER, XE—MEEERETRIGIF.

XERRER, XTAE—MRIE. FLUESRXE— M FE.

FTLANZEEMIRE, ERTMaFEABA, FEEXANMMFZENXR. XIMESREL. SAILA
EMRERIE? flgn, BESHT. LE—RXE, TEE—MHE, XNHERREXBEYE, BERMX
RYE? %ERBETMNNREFTCHIMNE. FLE, BRENAERZEEMF, FEd—P%

%!JO

BERTRUMIFRIXNMAEEY? (RRELERMIF, BAVEXH NI FZEH— MRS, AR
FFHARICLSHRIS.

Class
Input: two sequences

Output: a class

S

t t t t t t t
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Sentence 1 Sentence 2
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XANFRFIZBERTRIEA, BEAIRECLSIRCIESLinear transformBJBIN. BREXEMAINTDFHI
K5, XFNU, ResuE, XRNMEFEEGETEN. ERA—ERTIgiFaERDIEAE.

Case 4: Extraction-based Question Answering (QA)

SRR NEFAENZEG, BsiEe(). XBNEG, MER(EFRL7PEHAY. (Fl 72— N
EERS. BEER, ERET—RXER, FRAE— N, eBSE—1EE.

B2, XBENEEIIEEREMIRE. XEExtraction-basedfJQA, HHEERN, HINRRBERGIBINE
XEH, BERVRNEFH—RE.

EXMESH, —MAANFIIEE—RXEN—MIE, XEMEEBE— 1 FF. JNTHCRR, &
PNAFE—DNF, BNRE—DNINF. (FEIFgMAQARES, IR ECH LM/ IEREsHe.
RIEXFNERE, HNTUERNIETEN—R, SHEEE. XTARIZERNEER.

* Extraction-based QUEStIOﬂ In metecrology, precipitation is any product

An swering (QA) of the condensation of atmospheric water vapor
that falls under gravity. The main forms of pre-
cipitation include drizzle, rain, sleet, snow, grau-
pel and hail... Precipitation forms as smaller
droplets coalesce via collision with other rain
drops or ice crystals within a cloud. Short, in-
Quefyi Q = {fh. qz,, qM} tense periods of rain in scattered locations are

called “showers”.

Document: D = {d,,d,,---,dy}

What causes precipitation to fall?

D QA S gravity
Q Model e

What is another main form of precipitation be-
sides drizzle, rain, snow, sleet and hail?

output: two integers (s, e) graupel

Where do water droplets collide with ice crystals
d } to form precipitation?
rre within a cloud

Answer: A =1{d,,

XITERRKIE, B2, XEIWEERN—MESNERNTTE, 7NFRl, BRE R MUE L
RRQAESSES, HEEAHERE. BR, Tieul, XERSK— M EEEERTIE.

IR, tNERRMARARIBARERMA, EEAR, XBEE—NOEfl—SXE, FHRERE
"gravity", HESU{AiaH IEFREE?

In meteorology, precinitation is any product
of the condensation of 17 ;pheric water vapor
that falls under gravity. e main forms of pre-
cipitation include drizzle, rain, sleet, snow, grau-
pel and hail... Precipitation forms as smaller
droplets coalesce via collision with other rain
drops or ice crystals within a cloud. Short, in-
tense periods of rain 77 atte 59 cations are
called “showers”.

What causes precipitation to fall?
it
gy | g =17, =17
What is another main form of precipitation be-

sides drizzle, rain, snow, sleet and hail?
graupel

Where do water droplets collide with ice crystals
to form precipitation?

within a cloud ‘ s=77 e =179 |
L 2 y

IFHYRERERIAN, SST17, e2F17, ReEmgravity, ENCRERIETOEI7NE, Filds
17, eB5F17, BHRERLE 7 MHENER.

BEFEZ—MIF, BER, "withinacloud", XEXEFRIFE77E79ME. (REVREIEMAIZ, BiH
77H179X P NERE, BBAXEFRNE77/MAZIH7IMNANS EINIZBREHNESR. XHMEIFI7E(R
A9,

SR, FNIREMEFFRIIERQAREL, TIIEXMNQAREL, TufiJEFBERTHRIZRAUREL,
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Random
Initialized

e

f t t t t t |
[CLS]  ar 9 [SEP] di  d; d;

question document

XMERSEZXER. JTBERTRIR, (RUOMEECRER—NEIR, —RXE, MURERENNEZE
B—MFAIRC, AR EFFL— N CLSHRIC.

EXMESSH, FE—FEMLNGNIERmIMRE. "ML)I14 "ZisiEiinat. XEX(IBEReR
BMEeRERFR, XA EEIKESBERTRYEHER.

BRIZBERTHV IR 7684 MME, XM N AELE7684EMNMAE. A, IMIERXENEE?

0.3 0.5 0.2
I I Random ¥

t
Initialized \ Softmax |
inner product = ‘\ {
t t t

e

t t t t t t t
[CLS] Q> [SEP] d, d, d;

question document

o B UEXMEBREI LSRN NAYEERENAR B TA3 MMERIENFRS, EfET
=AEEEX=AHESEREENNTRRGERI=ME AEKEN BT softmaxRELIRGE
BIBIN=NME,

XA AfflattentionfBIAEL, (ReJLUBE GRS EMKEquery, BEEEDEMREKey, XE—
attention, BRAFAIMNIZE=HHAIOHEANME, HEXE, BEEEMI2HIWE, MRXE
BAE, shizET2, RaBrttinEiZE?2

o BENOHMINRTE—HINERE.
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question document

BERsAFRERNER, HNMEXNERRESNENNIIESHEENRR, AR, HIEX
BhfEfsoftmax, &f5, KIGEKAXE, NRE=MEREAMN, ef[iZE3, EMEZREJ2f1d3,

EAAERGENETD, NRERAFEXER, (RRAFEEERXMEL. XHE— N QAEEIFEMAT.
TR, XA EEEMETIYIAEY MBERTEEIY TS I4AINEIAILAT.

Q&A
Q: BERTESIAKETAMRAIG?

A: Big L, g8, AUXH, 2/9, e, EABERTEEL, E— MransformerfJEncoder, FrlA
CRLUMARENFS, RE(RNRELBEMSelf-Attention, {BSelf-AttentionfJitEEZ M RIEES

19, FTLMRSAIN, EsEed, BERTECFR EABEMAKNKIFS, RRSuILEGANS12KERFSI, 0
RIFBMNA—NS12ERNFS, Self-AttentionfEHRBIFLE =451 23LA5 12 K/)\dJAttention Metric, FB
ARSI REANER. FMLDR EERKERETRN. EMHIERF, EENARGETXN
AR, FAIBRFTBERTRYMANKE, MERA—RXEXRIIGHFERKINE. AEER, FKiIRBES
H—ERiH T 4. BRINFASBEBYEMABERT, EAFEENIEEAKT, )48,

Q: "ESETEEHAXRR?

A: U, XPEHRRY. ARSASXMETEARAR—METE. BREECXEM—TQRA, XFHE
ZERBHAXRR? XBREZENKTF, HFoilEBRER,

Training BERT is challenging!

BERTRIXHF—1ERAIMEE, CRILUMEAIEE, BPAIRTRESIANBERT, EMilgGH, ERRES
&, B2, (FECENFEIECIIGER.

B, ARRFNBERT EERIEIEIREERXT BrEETE S 7302/ NI 30I2MAICES
2 B (BRRAsEE) /9300015, , (BRIAFEER) KREZ1005 ML, BRAGIIE)IIERBERT
RS, EREHRIBERT, EEANHIEER (BRIRIFEE) #I30001E,

FrLMRM RS RS B, B m iR, v ABAE) |G IR AABIILR=ER

— AN ESCR RN T — B8 2 S|4 — D BERT M5Bt R E M A TN R 1F IR ATEXANE

I ZEGLUED L B A INIAHEIGLUE SHIR?E 9 MESS, FIEIMES, I EHNUGLUED 2],
Y, BBAIELLTIE, AIERAIBERTRIGLUES 2L,

BBABAIRIBRESEAZSTIMBERT, HARIERZESEMALBERT, ALBERTE—ERRE, EEEHN
%, HGERKIIESIIGAIALBERT, BEIEAILRRIGHIAERAMA, BERTE— 1 basehiA<F1—1
largehR, JFFKRRAE, FIMREESIIGE, FUBERMNEZARMMIRESNR) %, BEEE58HH
AR,
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{RETRERIX 302N R, 302 MNAHUTFERSEUE. KhrnLt, EACRILIREENE, MLURRENE
By FEIE T —H AR, BHEENEEE. FMLUFERLEXMEZINEEHAM, B2z
LEEEESEIEHRAR
This work is done by

Training BERT is challenging!

Training data has more than 3 billions of words.
3000 times of Harry Potter series

8 / Google’s ALBERT-base
80 —_——— —
% - ——————
2 45 ™ Google’s BERT-base
c
3 "~ Our ALBERT-base
=70 https://arxiv.org/abs/2010.02480
& |
65 <“RvssmssssssEssssmmEEsEEEEEEEn o e RTEHAIN, RIQSES,
/ 8 days with TPUv3 ~ — — albertbasewvi
~== bert-base
GLUE scores  °°

0 200 k 400 k 600 k 800 k 1M
Pretrain steps

YFRY, XNMEMR)IGIRE, SHERZR, RO—BHREH, FESKIE, ATPUEITSX,
FLMFRRITPUERZIT8R, SNFYRIEColab L, XNEDEIFIT200R, (FEEFIREEIIRFA SRS
xR

FTLA, (REAVRMEE CIIZNXFIBERTIREL, FEER, FIRENEHITHIE. (RAJLIfEColab LT
8, #EColab LAUEBERTREFZH/NGEI—/T. B, WRFEMLFFRIIGE, ek, g
EMETE, XGFERENE, MH, (RA8EEColab LBTCTMAE.

BERT Embryology (BE4E2)

AMEL|18TBERT, MEXLLPre-TraintZEIZ2AFHY, 1B —, ERMABIMAIBERTEAR
Z, XBHABNXRE?

HsCE 852/ BERTEMRY, "BERTIMRZERMHARE? "

BERT Embryology (FERRER)

https://arxiv.org/abs/2010.02480
g (:: %

122

When does BERT know POS tagging,
syntactic parsing, semantics?

The answer is counterintuitive!

BAVNEEBERTRY GRS IEHFEIFE AR ERR, FLFR(MERESRETE, PHEXETES
iR? BixarelelISEER? ENEMELEIIGEER, BIrRiIaTLNIRE)Ig4I 2R

yﬁ o
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T ZXIRBANEIIBERTRYIGHTFE. EAESRANENH, MIRREFER, HEXPBERT. AFE
ERMMES PSR,

BERTAEFIJEZRISIEF, FEITHA? "EEXMIETARFERENE? FARMRFESERE?
LIHRZLIENIE? IREARRITX N,

ﬁﬁl«ﬂﬂ 1] E E‘»J I Ifﬁ B ERT/S, TLXM@:J B E RTH'/AED“{I%?‘— iEH'/Aﬂ C, ill]ﬂ? IHZEEIRY? o

EﬁZT_ X8, ﬁi\kéﬁﬁ%o AIAJLAR Eﬁ@/v—TT}Em %;&%MJEM*E%E’JT—H

Pre-training a seq2seq model

NF)IEREncoder, 7ﬁ,xﬁjj,ﬁbﬁl}IIéﬁSeqZSquI‘;?’F'JEi’JDecoder?

Reconstruct the input w;  w, w; w,
4 4 H H
oY v

Ws Wg W; W

Cross 1 t 1 T

Attention
Encoder Decoder

t t 1t

w; W, W; w, | Corrupted

B, FEnEBE—1Seq2SeqiEs), H—Mtransformer, iAB—EncoderfIDecoder, MAE—E4

¥, WHE—H9F, FlEECross AttentioniEEiesk, AREIREEEEncoderfUMAN Ei—LTFHisk
Bire, RUESERSFGRERIRN "B "EH4AER

EncoderBZIRIEHBIANLER, FB4DecoderMiZiaH A1 FHBIARIIIER, )IIE5X MERISTIR E2
FillZE—NSeq2SeqiEy,

BRI MASS

,t?
l MASS

A B [SEP] C E
A BI[SEP] C E
BART < % (Delete “D")

A BI[SEP] C D E CDEI[SEP] A B

(permutation)
D E A B [SEP] C
(rotation)
https://arxiv.org/abs/1905.02450

B [SEP] E
https://arxiv.org/abs/1910.13461
Text Infilling

EMASSH, BIRBIARITTIAR, BURBERTHEIAREE, REEE—LMSHMALLT, REEsMIiEkK

BIAE, tean, MkR—E98, FTELIEINY, eEiardlinfs. SEBA—ITMASK, BEE—EE, &
2, B8MIIE. AR TRANGTFZE, EFLIBIESeq2SeqiRERIKEE,

MASS / BART

B—RIEXIYBART, EMERTIEXETE. RAMAAEARRITEET, EALIEMASSELT,
BARE—NER, I ARRZHRERIAN?
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(RRIRERIE), BAPAZHIMasky T & BT A B i e thiHRE B i —LsLieilid, I B SRR ARAE
B BT B—RIEXIYTS,

T5 — Comparison

* Transfer Text-to-Text Transformer (T5)
* Colossal Clean Crawled Corpus (C4)

Corruption Corrupted
rate span length

TSHILFRETransfer Text-To-Text Transformer, BRAT, FFLAIUTS, EXANTSEE, EREMTE
M, BMTIREESIFREEES. XEIENXB67R, {RajLlBlXLE—T, BEEIL.

TSEE—MERIEE H)IIZAH9, Y "Colossal Clean Crawled Corpus”, SFXPEIEE, ColossalfiEE
7w, HEIFEEANER, Bc4, RACKIILTS, ARBPEMEEF. X wEIFEREN, X4
C4B5ZK?

CUR— I RHEES, (FILITHE, ERAHN, BRENREXXMA/NETTB, (FAILITHE, A
RIFFAIBICERFERE, MEZfE, FULIBTHAMIE, BEIREE. XMAE—X
4, BEICEN EAM T, IBREERUG ERISHHR, B— P GPUMTRIAIEEE3S5K, (RAILATE
B, (B{RELIE B,

FTLA, ARAEILURIER, FEREFIH, SEEMERERRA.
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