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word2vec

« Google F 2013 S FHEHEHIN— BT 3AEUaRENTES

https://code.google.com/archive/p/word2vec/
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word2vec

» Continuous Bag of Word (CBOW): {g
» Skip-gram (SG): &
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Skip-gram——E-FHERIEFZAIH=Z=ITH

* (EFHEIEETRIRP (Wi |w) )BT RITEE

« WNE: HBAEE
/,
« o=
h=v.=Wx
J
Input layer Projection layer Outpu.t. l.ayer
probabilities of
1-hot input vector embedding for w, context words
or—— oy
X, @ ° ° yl
: . Q@ . 2
. e . T o .
Wt x ® Wd X|V] ° C|V|Xd oy, Wirl
"l e o :
Xvi®_ ——— S e vy
V1 dxl Vix1



Skip-gram——E-FHERIEFZAIH=Z=ITH

* (EFHEIEETRIRP (Wi |w) )BT RITEE

* E@)\J

at=
* IXF

* Eﬁéﬂtfu

NO NIl N

. JRREIE
0o=C"h
h=v.=Wx Ok:Ck'Vj
J
Input layer Projection layer Outpu.t. l.ayer
probabilities of
1-hot input vector embedding for w, context words
or—— oy
X, @ ° ° yl
: . @ . 2
. e . T o .
Wt x o Wd X|V] O C|V|Xd oly, Wi+l
"o e o :
Xvii® . ——— S e vy
VI 1 dx1 VixI

17



Skip-gram——E-FHERIEFZAIH=Z=ITH
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. Fi3EH¥ (negative sampling)iRSCEHEL
- HE HirBRial 5 _E IR

lemon, a [tablespoon of apricot preserves or] jam

cl c2 W c3 c4 1

o(cl-w)+o(c2-w)+0o(c3-w)+0o(cd-w) RER, B oW =1"=

7 N

- HEBRRIESENIEERNT "BERIE"  (EA) AME

[cement metaphysical dear coaxial apricot attendant whence forever puddle]
nl n2 n3 n4 ns no n7/ ng

o(nl-w)+o(n2-w)+..+on8-w) RE(K

E%j('f't log G(C ' W) + Z I['E’w,-rvp(w) [log G(_Wi ) W)]
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T

H#RriA: dog book  cricket boat  gold

cat books  badminton ship  silver
dogs  project rugby truck blue

puppy review lacrosse plane diamond
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Country and Capital Vectors Projected by PCA
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[Image credits: Mikolov et al (2013) “Distributed Representations of
Words and Phrases and their Compositionality”, Né]:’S]



AR AR

S H B N BRIE)HIZRALE

R i

Input layer Projection layer Output layer |
: ! probabilities of :
1-hot input vector embedding for w; context words |
T —@) v, |
: 2 . : : ®v, |
: ' ° : : T o . :
Wy : X; ? Wd X|V] ? | C|V|Xd oy, Witl !
o & gi
vl —— Mg Yiv i
VI X 1 dx1 VixI |

22



RRERNNEEI

+ Bl =R R BRI

output input

output

-

feedback feedback

23



J) iHmREZE5word2vecfir

sklp -gramtEBI5i)Il5 5%
@ BERTIEBE AL 5SS BIR

@ BERTIEBMIRM ATER STERETAE




word2vecia[R=

- FEBE: AR, FETXEX (context free)

open a bank account on the river bank

i

[0.3, 0.2, -0.8, ..]

- BERTE: M LN UEXRAIERIAZRAE

[0.9, -0.2, 1.6, ..] [-1.9, -0.4, 0.1, ..]

open a bank account on the river bank



HF Transformer XA BEEF0)|85125S

» Transformer AN AZFRAHRME 7 HAI%EE
£ Transformer Zgi, LSTM E2BAESUIEF N AR ZRURE
« TransformerfBXYLSTMEERIRIIEER M. FEFTITELREESLE

EFTransformerfI3 A B I ST [ 44= 8

OpenAl GPT

[Peters et al. 2018] [Devlin et al. 2018]  [Radford et al. 2018]
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BERT

« HTFTransformerfg ¥ [a)4mF5 S

 Bidirectional Encoder Representations from Transformers

. {5 _%ﬂ(word piece /E/ItREEIAN
- ETFEREIESZHITEY, S FHIESLX

- BIIES1REEY (masked language model)

« T—aFm0| (next sentence prediction)
. Z:HE’%;@Rx . BERTbase BERTIarge

» ERIABKAYENESERIAIERIE
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« TERER N\ (segment embeddings):
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« —NZ 2 Transformer 4328, 1
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http://jalammar.qgithub.io/illustrated-bert
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http://jalammar.github.io/illustrated-bert/
http://jalammar.github.io/illustrated-bert/
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86% Spam

15% | Not Spam

[CLS1A &2 8] T & AEG) Sm 5 28 R 7T B T &) T4~ %
b A VAIE S e A AR I (spam detection )4 55 A4 171

BERT

a12

Classifier ]
EIEEE 1
1 2 3
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flldy - BisEF>

- JEIBIESHREY (masked language model, MLM)
- FEYLAEIS—EHI N R IT(token) FHTRNIEA]
“Apple is red” — “Apple [MASK] red” — “ Apple is red”
» BRAMCIEFERITHIEER P(is | Apple [MASK] red)

- FIHREHER
- F—aFRill (next sentence prediction, NSP)
- WM FEEEBLBINFERRHT o
S1: “Apple is red” S2: “No, there are also green apples” — yes (S2XEES1)
« RAMIERFIRTRIBEZRP (yes | S1 S2)
- FIAFEHRER
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iillx — #iSiESRE

* FEID=
* 'BIERK I Fi)l1ZR(pre-training) B ELAI N iAESS A (fine-tuning ) AU A—2L
* EAEREERE] [MASK] token Az L

- ERETRIE
» BERT HAEZH [MASK] tokenE A A5HY ERiA
- Frtokenly 15% SRS
« Erh 80% RYERSHERIIEERI[MASK]
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#EI® (Natural La
ZHVIERR

FZUNiR]Z (Question Answering, QA) F1BEAIES
nguage Inference, NLI) , EEFIIW I FZIEXK

{2i® (Hypothesis)

Bt (Premise) —4FH 4 E£20kFEANRE 2B

InE B — LT —#E& (Entailment)
X LT AanEE —20JE (Contradiction)
XL HFER P I EH —H¥ (Neutral)

- (BHFIHNESRE
* NSP FL2 /87 XX

LB RIEREIXEER
XKFERHTER, BisRUFIFFmA

* [CLS]EHU H L RIIE)

=Hsoftmaxiglis, WHEDS F—aaIH=
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- #liE (3=N)
« BooksCorpus (800M
 Wikipedia (2,500M E

813)
413
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e 12 & Transformer,

 LargehRA

e 24 = Transformer,

29 1.1 1Z(1MOM) NS

2 3.4 {Z(340M) 22X
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BERTRIRZFHETL

+ Bl =R R BRI

agent agent

output

output input f
| Je

feedback feedback



0 (fine-tune)

J:

° *U : }:lzn.'E;?

SE R E

* FHXIANE i ESS X

ARFEL I

Fh*jRélLl T

—BERT1

SH=E

5

. G345 (sentence pair

classification)

« EBf3)4325(sentence classification)

» 18)7ThRIC(token tagging)

Class
Label
_"
) =)~ (]
BERT
[fea]l & | |5 ][ S| = ] [5]
P R _?
(ma](5] - Nw” - ()
_l—
Sentence 1 Sentence 2

(a) Sentence Pair Classification Tasks:
MNLI, QQP, QNLI, STS-B, MRPC,
RTE, SWAG

Start/End Span

Class
Label
C ) -

BERT

-,

Eis E, || E,
o e 5 .
P S s pre;
[eLs) Tok 1 Tok 2 Tok N

Single Sentence

(b) Single Sentence Classification Tasks:
SS8T-2, ColA

a0

BERT
[eea] & ] [& ][ Buem & | [&]
S e ——
(ea](] - (8(e=](2] - (=]
| [ J | . |
Question Paragraph

(c) Question Answering Tasks:
SQuAD v1.1

B-PER :
BERT
(] & | % | 2
T 5
[LSI]I Tok 1 {Tk?‘ TokN |
| |
|
Single Senten

(d) Single Sentence Tagging Tagks:
CoNLL-2003 NER




86T (GLUE EAER)

» AIFRIESS

« MNLI, multi-genre natural language inference

* QQP, Quora question pairs

* QNLI, question natural language inference

« STS-B, the semantic textural similarity benchmark

« MRPC, Microsoft Research paraphrase corpus

* RTE, recognizing textual entailment

 WNLI, Winograd NLI/a small natural language inference dataset
» B3R

« SST-2, the Stanford sentiment treebank

* CoLA, the corpus of linguistic acceptability
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4EEITME (GLUE Eifilix)

System MNLI-(m/mm) QQP QNLI SST-2 CoLA STS-B MRPC RTE | Average
392k 363k 108k 67k 85k 5.7k 3.5k 2.5k -
Pre-OpenAl SOTA 80.6/80.1 66.1 823 932 350 81.0 86.0 61.7| 740
BiLSTM+ELMo+Attn 76.4/76.1 648 799 904 360 733 849 56.8| 71.0
OpenAl GPT 82.1/81.4 703 88.1 913 454 80.0 823 56.0| 752
BERTgASE 84.6/83.4 71.2 90.1 935 521 858 889 664 79.6
BERT ARGE 86.7/85.9 721 91.1 949 605 865 893 70.1| 819
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EREVF& (SQUAD)

* SQUADYLES IR R 1SS
 Stanford Question Answering Dataset (SQUAD)
- B2 10 H7ARERIERR / FFEX

« EYNBLE

... Precipitation forms as smaller droplets coalesce via collision with other rain drops or ice crystals
within a cloud. ...

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

Within a cloud
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EREVF& (SQUAD)

- {Nf&EF BERT SR TEME System Dev  Test

EM FI EM FI

ZLuEEFIENEE Y
ﬁJE *D <5JZ7|:E = = Leaderboard (Oct 8th, 2018)
Human - - 823 912
#1 Ensemble - nlnet - - 86.0 91.7
#2 Ensemble - QANet - - 845 905
5 E #1 Si . - - 83.5 90.
* BERTlarge FUBERThaseX{U5RELF 2 Sincle - OAN -~y
Published
BiDAF+ELMo (Single) - 858 - -
N "“ = T+8 ab R.M. Reader (Single) 78.9 86.3 79.5 B6.6
° y ! £
1/\\7J|:|§ /77|\ SZ-“*' EJJ - TIE%IEQU R.M. Reader (Ensemble) 81.2 879 823 885
Ours
BERTgAsE (Single) 80.8 88.5 - -
BERT ArcE (Single) 84.1 909 - -
BERT aArce (Ensemble) 85.8 91.8

BERTarGE (Sgl.+TriviaQA) 84.2 91.1 85.1 91.8
BERT | ArGE l:ET'IS.-i-TI'i‘JiHQA.} 86.2 92.2 874 93.2
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EREVF(E (AFRALiFiHzEl)

o EpRZSL{RIREI(Named Entity Recognition, NER)

- — P HEBIRRTTIRCIES

+ CoNLL-2003 NER¥1EE:
- G5 20 ANIGEE, S0 SRR

 A¥J Person

. gﬂgﬂ Organization Jim Hen ##son was a puppet ##eer

I=PBR 1-FPER X

O

O O X

 {ifis5 Location
- Z*Ii7 Miscellaneous
- Hfth Other (non-named entity)
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EREVF(E (AFRALiFiHzEl)

- BERT L FHE{ttE 21851

System Dev F1 Test Fl
ELMo+BiLSTM+CRF 95.7 92.2
CVT+Multi (Clark et al., 2018) - 92.6
BERTgBASE 96.4 92.4
BERT| ArRGE 96.6 92.8

 BE RTIarge'—ﬁ BE RTbase’l‘iﬁE%EZ:jC
T3 25 INT NER 1JI|IGE0EEE < /MYE 2R




7317l BERT B3%?

- FIRXKERITCHRREEIE

« 7000 APEE + 4L

R (433 {285)

» Transformer RIS HIFEIIEIR
« XYERAEZ [BIRYREOH I TEETR
o ESCHIARIFTITR,

X

- BHEREEFIBR
52559
- FAF (¥ITFXR)

- BIESEE

Y (e

lipvEias
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« Skip-gram

- JAAE T E8word2vecrh iy —FhtEElLEH

- ETofHnViENRIR, LFIEIEE
- (R SSEIBImAIERIT R

 BERT

215 9 BFR

HTFTransformerfXN [A)4RAE 2
- BIESEE & T—aFIN
s XIEFEIXYDES. AR, E

« Skip-gram vs. BERT

- TR FERE T

« EFR FRSERIAERIE vs. 31758

WEHES; 195

N/

RATCRERIZR

LAY

O
AL
o]

HTTIRCS S N (ESSHIE

AIEREFRNWEIBTR, BN

AR ZRAE (B S LT3 0m)
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2. EBERTHRESTGIIFES, 15%HJtoken
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B A2\ L
ZEI:\IZ?L

1

Y

o

fastfslow) , EfiJYword2vecidalRIEHELIEZEA
_\ﬁ__(_/l\demo|X_)£|ﬁ(https://turbomaze.qithub.io/word2vecison/)g<\_‘2

H

R :

FRRR{RAY;

i

4L
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2
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https://turbomaze.github.io/word2vecjson/
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