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0.077 0.042 0.026 0.389 0.022

0.077 1 0.114 0.076 0.064 0.082
0.042 0.114 1 0.153 0.045 0.188
0.026 0.076 0.153 1 0.015 0.713
0.389 0.064 0.045 0.015 1 0.019
0.022 0.082 0.188 0.713 0.019 1
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SV RE(CHEINTLE
- DREBHDONEESE [HED (supervisor)] &ELT. EFI)LZ
HEmdp DEE (supervised learning)
o BRE . AT —AIDIRVNEES
- ERPDEONXEEENSZSNT, [CNZEHICHFELT
Rl EEMNES?
— 9 CICHEBBFEH CHDOICELTE.
D21 EEONES?
S>HEENRUEE (unsupervised learning)lC kD
MEY IR
o KLEOLNBDILTBENT UILEDE
(LDA: Latent Dirichlet Allocation)

din

[ B2 &MRDIDTHIRY

38

Mathematics and Informatics Center AT« 770455324 AP 2020 LLUF;¥F CC BY-NC-ND


https://creativecommons.org/licenses/by-nc-nd/4.0/

Word Embedding

Mathematics and Informatics Center A T4 770455324 AP 2020 LLUF;¥F CC BY-NC-ND


https://creativecommons.org/licenses/by-nc-nd/4.0/

Word Embedding& (& ?

o EMEFELB CTFAMEEZIBIEHICIISHDAEE
TR NUELTDIENS D
e 1DDAZENMNone-hotRT )L
— KRR/ RICRDBEEBET A XS ERD
SHEEER(CDEFERRTDONRT NLICIRD
SRTHEND D (CR)N—RIEOTEZHRIZRNEL)
o BRRITDone-hot N NLZE B Rt (Jo& & (35200
IRTG) DD N)VICEFET DAL ?
UL UEE(CIETT TENIEOKTIE /R !
B FE CEBIEOXK/NERZEEZ U TCULED

- DDHEEBADNT NUNBIDEFEBDNRT MLKEDKREWNGE,
ZNEZE LV DL DSNRT MLRIRTRIFTNEIRS IR0

- PUZERDEFEEDARD MUELHEL . BRI AESESEEE
DR MVREIL(FELSHINE

HEOSEWKIRHZI[IEBIEARY MVDIEHE

Mathematics and Informatics Center AT« 770455324 AP 2020 LLUF;¥F CC BY-NC-ND 40



https://creativecommons.org/licenses/by-nc-nd/4.0/

A EiE & A a2 R

o T Wi[EHE : TTDT —HFZETEICIEBTTED
#l) T 71 )LDIEHE ziplh &

o RuWEHE : (BERNRIET B IcHTDT —5FZ 5%
P(CIFIBIT TSR
) joegltia (RICEBICEETRVWVBIRORIEZEFT) .

FrD D (PCA)ICKDEHE

Y—oA
I70 hH
N

Mathematics and Informatics Center AT« 770455324 AP 2020 LLUF;¥F CC BY-NC-ND 41



https://creativecommons.org/licenses/by-nc-nd/4.0/
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Word2vec: Skip-gram
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Word2vec: Skip-gram
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Word2vec: Skip-gram
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Word2vec: Skip-gram
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e : Word2veclc k¥ Word Embedding
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P 0.67 HE 0.66 pEGIIN 0.95
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a2 060 FAUBGERE 057 =T 0.83
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BERT: Pre-iraining of Deep Bidirectional

Transformers for Language Understanding

o 2018FDBEASENEDERRFZSACLT
Googleh®EExUINAETETIL

* BooksCorpus (800M EE5E) &English Wikipedia (2,500M words) T

SRIFZ UIEETILERALIRS XD (Cfine-tuning

o BRIILESRAIPEBRIFRDM. T FAS MMHIRESDDSI R
/7 CState of the ArtsZIERK !

System MNLI-(m/mm) QQP  ONLI SST-2 CoLA STS-B MRPC RTE  Average
392k 363k 108k 67k 8.5k 5.7k 3.5k 2.5k -
Pre-OpenAl SOTA 80.6/80.1 66.1 82.3 93.2 35.0 81.0 86.0 61.7 74.0
BiLSTM+ELMo+Attn 76.4/76.1 64.8 79.8 90.4 36.0 73.3 84.9 56.8 71.0
OpenAl GPT 82.1/81.4 70.3 87.4 91.3 45.4 80.0 82.3 56.0 75.1
BERTgAsE 84.6/83.4 71.2 90.5 93.5 52.1 85.8 88.9 66.4 79.6
BERT arGE 86.7/85.9 72.1 92.7 94.9 60.5 86.5 89.3 70.1 82.1

Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova, “BERT: Pre-training of Deep
Bidirectional Transformers for Language Understanding”, pp. 4171-4186, ACL 2018.
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SQUAD : BREIIGES AT

The Stanford Question Answering Dataset

The first recorded travels by Europeans to China and back date from this time.
The most famous traveler of the period was the Venetian Marco Polo, whose
account of his trip to "Cambaluc," the capital of thet Great Khan, .alnd of life there Wikipedi00)5 15
astounded the people of Europe. The account of his travels, || milione (or, The —
Million, known in English as the Travels of Marco Polo), appeared about the year Eﬁ:ﬂ (gi‘j?%

1299. Some argue over the accuracy of Marco Polo's accounts due to the lack of E%IE%@E&;‘E
mentioning the Great Wall of China, tea houses, which would have been a
prominent sight since Europeans had yet to adopt a tea culture, as well the
practice of foot binding by the women in capital of the Great Khan. Some
suggest that Marco Polo acquired much of his knowledge through contact with
Persian traders since many of the places he named were in Persian.

A7l

How did some suspect that Polo learned about
China instead of by actually visiting it?

<)L - AR—OFHREICDLNT., ERRICEHRIT DD
TlFRLK EDLDICTEATZERTRODN TULNEIH ?

Answer: through contact with Persian traders [BI&3Z

NIV ADBEAN EDRHS (%29 B XDAIE)

https://rajpurkar.github.io/mlix/ga-and-squad/
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SR FRTETI)ILZYHMEE U CTHR I =ZEES
%Fﬂﬁﬁ%’é"xﬁwi%é .
SRIFEBHDEST)LZYHAE & U CFine-tuning
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dunl
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[t ][ & o [ B[ Been]l & ] [B] SN E e
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@m Tok N [SEP] m Takiv Tok N ( [SEF] W(Tﬂiﬂ W [TﬂkM w
Masked Sentence A Masked Sentence B

Question Paragraph
« *
Unlabeled Sentence A and B Pair Question Answer Pair

Pre-training

Fine-Tuning

Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova, “BERT: Pre-training of Deep
Bidirectional Transformers for Language Understanding”, pp. 4171-4186, ACL 2018.
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Input: The man went to [MASK] store with [MASK] dog.

Target:

the his

o DRMDIS5%MEE(ICDNT. UTDIL—ILICHRE>DTES
Wax B E(CKDNASEZHER

— 80%0DE

HEE (SRS

1) “my dog is hairy I” > “my dog is [MASK]"

HER (IS A ACESTIRR

— 10%DE

) "my dog is hairy I” 2 “my dog is apple”

— 10%0DE

HEBR(FERE LIR0Y

) "my dog is hairy I” = “my dog is hairy.”
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BERTO\TEgIFEETHF< QA2 : T L AL DE RS

2Xh\ DR ShEHER X

o ITD2XIEIDIMDFERIH?
X 1) [CLS] the man went to [MASK] store [SEP]
X 2) he bought a gallon [MASK] milk [SEP]

» IsNextZ 18

X 1) [CLS] the man [MASK] to the store [SEP] » NotNexi% F18
X 2) penguin [MASK] are flight ##less birds [SEP]
X"##tless"(d [-less] TRIDDEFEDIREFZRT

o 50% ClE DI D. 50% TIEDIRMNSIRNX
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BERTDV —F+5 D F Vv

Output
Probabilities

Multi-Head Attention } §cajed Dot-Product Attention
BERT (Ours) r \
—{_Add & Norm Multi-lHea 3 MathMul
Feed Attention
Forward
N Add & Norm Scaled Dot-Product
x I 0
—{_Add & Norm | VBEea Atten-tlfan
Multi-Head Multi-Head
Attention Attention
it At inear P Linear P Linear
] J J
Positional & Positional
Encoding Encoding
Input Output V K Q ‘ k Q K v )
Embedding Embedding

token embedding +
Segment embedding
+ Posiition embedding

Inputs Outputs
(shifted right)

[1] Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova, “BERT: Pre-tfraining of Deep
Bidirectional Transtormers for Language Understanding”, pp. 4171-4186, ACL 2018.

[2] Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N. Gomez,
Lukasz Kaiser, lllia Polosukhin, *Attention Is All You Need”, NIPS2017

Mathematics and Informatics Center * T4 77045324 AF§ 2020 LU ¥+ CC BY-NC-ND 60



https://www.aclweb.org/anthology/people/j/jacob-devlin/
https://www.aclweb.org/anthology/people/m/ming-wei-chang/
https://www.aclweb.org/anthology/people/k/kenton-lee/
https://www.aclweb.org/anthology/people/k/kristina-toutanova/
https://www.aclweb.org/anthology/N19-1423.pdf
https://papers.nips.cc/paper/7181-attention-is-all-you-need
https://creativecommons.org/licenses/by-nc-nd/4.0/

BERTHAEE EMFERBH (Pre-trained) I

e SATJTYIEFEIZES TULRL
« FERAHET)LIIFIATIEE
— JumanZ{E > fEEHEDEIN—X
BAREWikipedialCKDZEE (RAEFEAT - 77i)

— SentencepiecelC KBDEEEDE|INXR—X
e« HARGEWikipedialcDFE (FHHPBERK)
o« A ETwitterCKADFE (BRAEf/RY MU D)

— huggingface®iransformers(Cpre-train Japanese
model& U TEEk

o BHiL KT HASEUIBIATRE
e BERT Word Embedding Tutoridl
— BERTICK D XoEEE AR ML BPythond— R
RN

Mathematics and Informatics Center * T4 77045324 AF§ 2020 LU ¥+ CC BY-NC-ND 61

)



http://nlp.ist.i.kyoto-u.ac.jp/index.php?BERT%E6%97%A5%E6%9C%AC%E8%AA%9EPretrained%E3%83%A2%E3%83%87%E3%83%AB
https://github.com/yoheikikuta/bert-japanese
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https://github.com/huggingface/transformers
https://github.com/cl-tohoku/bert-japanese
https://mccormickml.com/2019/05/14/BERT-word-embeddings-tutorial/
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