OCHOBbI OBPABOTKW TEKCTOB

Nexkunga #10:
A3bIKkOBble MOAENIN HA OCHOBE HEWUPOHHBLIX CETEW

INexTop: Mm.H.c. UCIT PAH Mainopos Bnagnmunp OMmutpuesuny



3agada A3bIKOBOro MoaenMpoBaHUS

A3blkoBas MoAesnb — 3TO BEPOATHOCTHOE pacnpenenexHme
Ha MHOXXeCTBe nocnenoBaTefibHOCTEN CIOB:

* P(Wy, Wy, ..., Wy)

- P(u3 okHa cusibHO ayJio) = 0.0001
- P(myno okHa u3s cuibHo) = 0.0000000000001

: P(Wnlwli ""Wn—l)

- OCeHblo YacTo uaerT ...
- Ceno KopoBka B kayecTBe ...



HA3bikoBble Mmogenu Ha RNN
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L
Language Model Embedding

- Mpsmas Moaenb: p(Wy, ..., wy) = [Tx=1 p(Wk|Wy, .., Wi_1)
- OBpatHas Mogenb: p(Wq, ..., Wy) = [Ire1 P Wk |[Wit1, s WH
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Peters M. E. et al. Semi-supervised sequence tagging with bidirectional language models — 2017.
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https://arxiv.org/pdf/1705.00108.pdf
https://arxiv.org/pdf/1705.00108.pdf
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Language Model Embedding
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L
ELMo (Embeddings from Language Models)

- [Npamaa moaens:

p(er ""WN) = np(wklwll ""Wk—l)
k=1
- ObpaTHasa moaensb:

p(W1; ---;WN) — np(wklwk+1: s Wh)

- ObOy4aem npsaAmMyto 1 0bpaTHYHO SA3bIKOBYHO MOAENb
OLOHOBPEMEHHO:

J = z[logp(wk|wl, s Wi—1; Oy, 072, Og)
k=1

+ 10g p(Wk|Wk+1; oy Wi, Gx; G)LSTM’ S)]

Peters M. E. et al. Deep contextualized word representations — 2018.


https://arxiv.org/pdf/1802.05365.pdf
https://arxiv.org/pdf/1802.05365.pdf

ELMo (Embeddings from Language Models)
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Transformer* Itloften{rains|in|autumn
|
Transformer I
ENCODER — DECODER
I
|
OceHblo|4acTo|naeT|ooXxab

*noapobHoe obbACHEHWE NPO TpaHcopMep ecTb 34eCb

Vaswani A. et al. Attention is all you need — 2017


https://jalammar.github.io/illustrated-transformer/
https://arxiv.org/pdf/1706.03762.pdf
https://arxiv.org/pdf/1706.03762.pdf
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Transformer Encoder
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L
Scaled Dot-Product Attention

Bxon: OceHblo| |4YacTo| (naet| |goXab

BekTopbi: X1 xR B xEe 8 ool



L
Scaled Dot-Product Attention

Bxop: OceHblo| |4YacTo| |(MaeT| |noXxab
BekTopbi: X1 xR B xEe 8 ool
3anpocsi: B :HEN J:EEN 9 E.
Kntoum: ey o ks k: N ky
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L
Scaled Dot-Product Attention

Bxoa; OceHblo| |4YacTo| (naet| |goXab
BekTopbi: X1 xR B xEe 8 ool
3anpocsi: B :HEN J:EEN 9 E.
Kntoum: ey o ks k3 ky

3HaueHus: Vil nIEN v;EE v,EE
OueHku: gski/Nd  qzky/Nd  qzks/Nd  qske/Vd

softmax: 0.1 0.08 0.7 0.12



L
Scaled Dot-Product Attention

Bxoa; OceHblo| |4YacTo| (naet| |goXab
BekTopbi: X1 xR B xEe 8 ool
3anpocsi: B :HEN J:EEN 9 E.
Kntoum: ey o ks k: N ky

3HaueHus: Vil nIEN v;EE v,EE
OueHku: gski/Nd  qzky/Nd  qzks/Nd  qske/Vd
softmax: 0.1 0.08 0.7 0.12

Cymma: z/ Il zl'lm zzEH - Z.@



L
Scaled Dot-Product Attention

Bxop: OceHblo| |4YacTo| |(MaeT| |noXab
BekTopbi: X1l xR B cEe ool N
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Multi-head attention
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Multi-head attention
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Transformer Decoder
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[lo3nUMoHHOE KognpoBaHMe

Bxoa:

BekTopbl:

KoaupoBska
no3numu:
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PEPOS:Zi = Sln(p /100002i/dm0del)

(0N
PEpos,2i+1 — COS(p /100002i/dm0del)



[lo3nUMoHHOE KognpoBaHMe
PEpos,Zi — Sin(pos/loooozi/dmodel)

(0N
PEpos,2i+1 — COS(p /100002i/dm0del)

Kon Ans reHepauumn KapTUHKK B3AT 30€Cb


https://github.com/jalammar/jalammar.github.io/blob/master/notebookes/transformer/transformer_positional_encoding_graph.ipynb

L
GPT (Generative Pre-Training)

- F13blkOBas Modernb, OCHOBAHHAA Ha Aekoaepe

TpaHcdopmepa . :
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Radford A. et al. Improving language understanding by generative pre-training. — 2018


https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf
https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf

L
GPT (Generative Pre-Training)

- [NpegobyyeHmne Ha kopnyce U (6e3 yuntens)
hy = UW, + Wp;
h; = transformer(h;_,),i =1,n
P(u) = softmax(h, W,

Ly(W) = ) log P(uifu g, -, us_1; ©)
i

- [loHacTpomrka nop uernesyto 3agadvy Ha kopnyce C (C yumtenem)
P(ylxt, ..., x™) = softmax(h]* W)

L,(C) = z log P(y|x1, ..., x™)

(x,y)

L(C) = L,(C) + A= L1(C);



L
GPT (Generative Pre-Training)

Classification Start Text Extract ]—- Transformer = Linear
Entailment Start Premise Delim | Hypothesis | Extract | Transformer = Linear
Start Text 1 Delim Text 2 Extract | = Transformer
Similarity = Linear
Start Text 2 Delim Text 1 Extract | = Transformer
Start Context Delim Answer 1 | Extract | —> Transformer = Linear —
Multiple Choice | Start Context Delim Answer 2 Extract | = Transformer | Linear —EE
Start Context Delim | Answer N | Extract | | Transformer (| Linear —

*KapTnHKa 13 opurnHasibHoOW CTatbu



https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf

L
BPE (Byte Pair Encoding)

- MeTon TokeHusauum ¢ GUKCMpoBaHHbIM (HEOONbLLLNM
pasmMepom crioBaps)

1. CnoBapb MHMUMaNn3npyeTca BCEMU CMMBOSIaMK 13 train
(nobaBnsieTcsl CMMBOJ KOHLA CroBa o)
2. B uukne n pas:
1. BblbpaTtb camyto YyacTyto napy cumeonos (A, B))
2. HdobaBuTb B crioBapb cumBosn AB°

Sennrich R., et al. Neural machine translation of rare words with subword units— 2015.


https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf
https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf
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Devlin J. et al. Bert: Pre-training of deep bidirectional transformers for language understanding — 2018.


https://arxiv.org/pdf/1810.04805v2.pdf
https://arxiv.org/pdf/1810.04805v2.pdf
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BERT pretraining (masked LM)

15% TOKEHOB MaCKUpPYHTCA
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BERT pretraining (masked LM)

15% TOKEeHOB NpeacKkasbiBakOTCA:
80% - [MASK];
- 10% - HensmMeHeHHbIE;

- 10% - cnyyauHble;  |yacTo CHer
t t
C Ty ) T3 Tsgp | |T1 T3 Ty | |Tsgp
1 4 4 4 t 4 t 1 4
BERT
BekTop TokeHa l*l i L i ﬁ Ifl i i L ﬁ lfl
+
BekTop nosunumn H H H BN - HE N HE N
_|_
BekTop cermeHTtal H H N ¥ B EFEEERETSE TR RFE
¢ t ¢

[CLS]||OceHbto| |CHer

% % 1
A cHer ||[SEP]




BERT pretraining (NSP)

- NpegckasbiBaeTcd, AaBNAeTcAa nm oparMeHT B
creayLwmm 3a goparMeHTom A

____________________
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R - :
GPT-2

OcHoBHaga naes:

- bonbLUMHCTBO 3a4a4 pellaeTcya OLEeHKON pacnpeaneneHus:.
p(output|input)

- XOo4eTcs NocTponTb Mofdesb, KoTopasi byaeT pellaTb
MHOXECTBO 3aJa4. o eCcTb OUeHuBaTb:
p(output|input, task)

- 3agadvy MOXHO popmynuposaTbh CrioBaMmu U nogaBaTb
A3bIKOBOM MOAENN BMeCTe C input

Radford A. et al. Language models are unsupervised multitask learners — 2019


https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf
https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf

R - :
GPT-2

OyeHb noxoxa Ha GPT, HO :

- bonblwe napametpos (1.5 munnuapga napameTpos [48
crioeB TpaHcdopmepa, paamepHocTb BekTopoB 1600] vs
117 munnunoHos B GPT)

- bonbwe kopnyc ans obydeHuns (40 GB TekcTa)
- pyrasa TokeHnsaunsi: BPE no 6antam, a He N0 cumBonam

- Hebonblune nameHeHns1 apxXuTekTypbl CETHU:
- [NepensuHyT Layer normalization
- IameHeHa nHmuymanunsaums



R - :
GPT-3

[TpakTnyeckn HnM4Yem He otnmnyaetca ot GPT-2, Ho

- Ewe 6onblie napametpos (175 munnunapaos [96 crnoes
TpaHcdopmMepa, pasMepPHOCTbL BEKTOPOB — 12288])

- Ewwe 6onblue kopnyc ans odbyyenma (570 GB TekcTa)
- Ewe 6onblue koHTekeT (2048 TOKEHOB)

Brown T. B. et al. Language models are few-shot learners — 2020.


https://arxiv.org/pdf/2005.14165.pdf
https://arxiv.org/pdf/2005.14165.pdf

CnenyoLwlasa nekums

NHpopMaLMOHHbLIA NOUCK



