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OcHoBbl 06paboTKM TEKCTOB

3agada AA3bIKoBOro MoAenmpoBaHus

AsblkoBas Mogenb — 3TO BEPOATHOCTHOE pacrnpeneneHme Ha
MHOXecTBe nocneaoBaTeflbHOCTEN CHOB:

* P(Wy, Wy, ..., W,,)
P (13 okHa cuJIbHO AyJi0) > P(y/10 OKHA U3 CHUJIBHO)
* P(Wnlwli "'JWn—l)

* OceHblo YacTo naer ...
« Ceno KopoBka B Ka4yecTBe ...
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A3bikoBble moaenu Ha RNN

4acCTo naet A0XAOb <eos~>

I T 1 *

T T T *

LSTM — LSTM —~ LSTM — LSTM —

‘ I I I

‘ I I I

OceHblo 4yacTo naet NOXOb
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A3bikoBble moaenu Ha RNN
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A

OceHblo

4acCToO
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Language Model Embedding

* [pamaga mogensb: p(wy, ..., wy) = [I=; p(wi|wy, ..., w1y
* O6paTHaFI Moaenb: p(wy, ...,wy) = [1¥=1 P(Wk | Wk41, s WN)

7 ~ o
~
P S~
o 1/' m ‘Tl
LSTM = LSTM = LsTM™ | LSTM < LSTM
LSTM = LSTM = LSTM | LSTM = LSTM
..T-. [ | .T.- -.T- -IT- .-T..

f 1
OceHblo  4acTo AOXAb

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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ELMo (Embeddings from Language Models)
* [1pamaa mogens: .
p(Wy, ..., wy) = Hp(wklwlw ooy Wie—1)
« ObpaTHaga moaernb: k;l
p(Wq, ...,Wy) = Hp(wk|wk+1, s Wiy
« Oby4aem nNpamMyo v 06RaTHyro s=|3b||<(l)c|:;ro Moeflb O4HOBPEMEHHO:
J = z[logp(wk|wl, oy Wi —1; 0, O7777, @S)

+log p(Wi Wi 1y e Wiy; O, Orstar Os)]

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


https://arxiv.org/pdf/1802.05365.pdf
https://arxiv.org/pdf/1802.05365.pdf
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ELMo (Embeddings from Language Models)

L
_ ., task task 3, LM LM _ |7LM, LM : _
ELMo, =y z sj~ "hgj,rae hyi = [hk,i shegi |, i=1,n
j=0
.hkfgt. SyxEsmE §  u Eﬁ"ﬁt_
LSTM =» LSTM =» LSTM + LSTM <= LSTM

I l fiﬁt_ Sy EEEE EET EH Z_lkm.. l

LSTM =» LSTM =» LSTM + LSTM <= LSTM
| | i | 1
Ilt-ll Itl--'l- So * WETETEN -k,g- EEEEE
OceHblo Y4acTo EEEE IECHE NoXab
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Transformer®
It| |often| [rains| |in| |autumn
Transformer I
ENCODER — DECODER

I

OceHblo| [HacTo| |MaeT| |ooxab

*nogpobHoe 06bACHEHNE NPO TpaHchopMep eCcTb 34ECh
Vaswani A. et al. Attention is all you need — 2017


https://arxiv.org/pdf/1706.03762.pdf
https://arxiv.org/pdf/1706.03762.pdf
https://arxiv.org/pdf/1706.03762.pdf
https://jalammar.github.io/illustrated-transformer/
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DECODER

Transformer
Transformer
ENCODER —
1
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Transformer
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Transformer
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BPE (Byte Pair Encoding)

« MeTog cermeHTaummn Tekcta ¢ PUKCMpPOBaAHHBIM (HEDOMbLLNM)
pasmMepom crioBaps

1. CnoBapb MHMLNANMN3NPYeETCA BCEMU cnmBosriamu u3 train (gobaensercs
CUMBOIJ1 KOHL|A CJ10Ba ©)
2. B uyukne n pas:
1. BblbpaTb camyto yacTtyto napy cmmeonos ((A’, 'B')
2. JlobaBuTb B crnoBapb 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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Transformer
It| |often| [rains| [in| [autumn

Transformer I

ENCODER DECODER

ENCéDER DECéDER

ENCgDER DECéDER

ENCgDER DECéDER

ENCéDER DECéDER

ENC%DER DECéDER
OceHblo| [HacTo| |MaeT| |ooxab
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Transformer Encoder

|
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Multi-head self-attention
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OceHblo

4acCTo
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naet

noXnab

MexaHunam BHUMaHun4
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OceHblo

4acCToO

naet

noXab

Self-Attention
OceHblo| [YacTo| |MaeT| |noXab
5y N Pl . =
kl l
Vil | —
s(kuq;)
k _ e
vz . - al(q]) _ Z?:l eS(ki,q]')
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Scaled D

Bxona:

BekTopbl:

ot-Product Self-attention

OceHbtlo

4acCToO

naet

noxXnab

i B |

8 TH cEN N B
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Scaled Dot-Product Self-attention

Bxon: OceHblo| |4acTo| (naet| |goXab
BekTopbi: 1O H RN cEs N RN
3anpocsi: 10 M q2 q; Wil q4+
Kntouu: ey k2 ks Ky

3HayeHus: 121 v, W (200
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ot-Product Self-attention

Scaled D

Bxona:
BekTopbl:
3anpocsl:
Kntouu:

OueHKu:
softmax:

3Ha4yeHus:

OceHblo| |4acTo| |MAOEeT| |OoXOb

O H R THGEN R N
0l B 92/ q; Wil q4

k1 k, ks kg
qski/Vd Q3k2/\/a qsks/Nd  qzks/Vd
0.1 0.08 0.7 0.12
Vi vy W vzl W v

26 /50



OcHoBbl 06paboTKM TEKCTOB

ot-Product Self-attention

Scaled D

Bxona:
BekTopbl:
3anpocsl:
Kntouu:

OueHKu:
softmax:

3Ha4yeHus:

Cymma:

OceHblo| |4acTo| |MAOEeT| |OoXOb

O H R THGEN R N
0l B 92/ q; Wil q4

kl kz k3 k4
qski/Vd Q3k2/\/a qsks/Nd  qzks/Vd
0.1 0.08 0.7 0.12
Vil vy W vzl v
z/ zlm z:h Z4
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Scaled Dot-Product Self-attention

Bxon: OceHblo| |4YacTo| (naet| |goXab
BekTopbi: 1P H RN cER N R
Q=Xx*Ww¢
K=XxWkX
V=X+xW"

QK"
Z = softmax V
Vg

Al ZlR ZzR Z4R
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Multi-head attention
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Multi-head attention
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Transformer Encoder

e whoalm el

4 4
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[To3nymoHHoe KoanpoBaHue

Bxon:

BekTopbl:

Koouposka
NO3NLMUH:

BekTopbl

C NO3ULINEN:

0S
PEpos2i+1 = COS(p /100002i/dm0del)

PE,os2i = Sin(p

OceHblo| [|yacTo| |MaeT| |noXxab

X1 H X2 x3 X4 ]
+ + + +

PEimm W PE;mmm PEsm mm PEE DH

0S
/10()()02i/dmodel)
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[Tlo3numMoHHOE KogmnpoBaHue

: 0S
PEPOS:Zi = Sll’l(p /100002i/dmodel)

0S
PEpOS,2i+1 = COS(p /100002i/dmodel)

Kog ans reHepaunnn KapTmHK 340ECb 33/50


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

wle whoalm el

|
> Add & Normalize

t t t t

Feed Forward NN

. —

1

r> Add & Normalize
KV 1 t t t
> Encoder-decoder attention
I
ISR S S

v

Add & Normalize

| t t t

Masked Multi-head self-attention
4 4 4
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Masked Scaled Dot-Product Self-attention

Bxon: OceHblo| [4YacTo| |(MaeT| |aoXKAab
BekTopbi: X1 X x3 M X4 |
3anpocsi: 1@ W q2 q: Wil qa4
Kntoun: ey e fes 2
OueHkn: gski/Nd  qsky/Nd  qsks/Vd —
softmax: 0.14 0.12 0.74 0
3HayeHus: V1 v, Nl v; N

Cymma: z,ll Nl Z:h Z:
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GPT (Generative Pre-Training)

A3sblkoBasi Moaernb, OCHOBaAaHHAsA Ha

aekogepe TpaHcdopmepa Hf 0 + 0 F O P

1 1 1 1
> Add & Normalize

. = &
* Encoder-decoder attention i 1 t 4 $
BblIKNObIBAETCHA ! Feed Forward NN
|

12 x ‘rmm=dmmmm--- R Y

» Add & Normalize

| t t t

I
I
l
: Masked Multi-head self-attention
I
L

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
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GPT (Generative Pre-Training)

* [1pepgobyyeHune Ha kopnyce U (6e3 yuntens)
ho = UW, + Wy;
h; = transformer(h;_,),i = 1,n

P(u) = softmax(h,,IW.))

Ll(u) = 2 logp(uilui—k' ey Uj—1; @)
[

 [loHacTpomnka nog uenesyto 3agadvy Ha kopnyce C (C ydnutenem)
P(ylxt, .., x™) = softmax(h]"W,)
L,(C) = Z log P(y|x1, ..., x™)

(x,y)

L(C) = L(C) + 1+ L1(C);
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GPT (Generative Pre-Training)

Classification Start Text Extract :l-' 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 {
Start Context Delim Answer N Extract | = Transformer | Linear H

*KapTnHKa U3 opuUrnHasibHOW CTatbu
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https://www.cs.ubc.ca/~amuham01/LING530/papers/radford2018improving.pdf
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GPT-2
* BONbLUMHCTBO 3a4a4 pellaeTca OUEHKOU pacnpeaeneHus:.
p(output|input)
« XOYETCHA NOCTPOUTbL MOAENb, KOTOpas byaeT pelaTb MHOXECTBO
3agad. 1o ecTb oLeHuBaTh:
p(output|input, task)

« 3agadyy MOXHO dpopmMyrnnpoBaTb ClioBaMm 1 rnogaBaTb SA3bIKOBOW
Moaesnim 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
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GPT-2

OyeHb noxoxa Ha GPT, HO :

* bornble napameTpos (1.5 munnuapga napameTpos [48 crnoes
TpaHcdopmepa, pa3dmepHocTb BekTopoB 1600] vs 117 MmnnnnoHoB B
GPT)

* bonbLie kopnyc anga obyyeHusa (40 GB TekcTa)
» BHewHWe ccbinku redit (> 2 ronocos)

 [Ipyrasa TokeHnsauusa: BPE no bantam, a He no cumeosiam

* HebonbLUne N3MEHEHUA apXUTEKTYPbI CETHU:
 [lepenBuHyT Layer normalization
* /IameHeHa nHnumnanmnsauuns
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GPT-2

XopoLLo noaxoauT Ans 3a4ad, NOXOXMX Ha A3blIKoBOEe
MOAEenMpoBaHMeE:

 [loHMMaHMe TeKkcTa (OTBETbI HA BOMPOCHI NO TEKCTY)
« ABTOMaTN4yecKkoe pedepupoBaHme

* MalunMHHbIN NepeBoA

« Bonpoc-oTBeT
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GPT-3

[MpakTnyeckmn Hn4em He otnundaetca ot GPT-2, HO

* Eule 6onblie napameTpoB (175 munnuapgos [96 cnoes
TpaHcdopmepa, pa3MepHOCTb BekTopoB — 12288] vs 1.5 munnunappa
B GPT-2)

* Ewe bonbuwe kopnyc ans odbyderHua (570 GB TekcTa)
* Eule 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
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GPT-3

MOXXHO NPUMEHATL B 3 BapuaHTax:

» Zero-shot:
* (popMynunpoBKa 3agauu
e BOMNPOC

* One-shot:
* (bopMynNuUpoBKa 3aga4u
* rpuMep B supervised cTusne
* BOMNPOC

* Few-shot:
* (popMynunpoBKa 3agauu
* HECKOJ1bKO NpumMepoB B supervised ctune
* BOMNPOC

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
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BERT |
II1 ] A ] 1- ] 1-
HAsbikoBag Modeslib, OCHOBaAHHAA Ha 1 1 1 ?
9HKoaepe TpaHcdopmepa > Add & Normalize
I t t t t
| Feed Forward NN
IV S S ——— L Y— 4
4) X O O H'E B E
12(2 ) t ) 4 %
rl» Add & Normalize
I 1 1 f 1
i Multi-head self-attention

OceHblo| |YacTo| |naeT| |aoXab

Devlin J. et al. Bert: Pre-training of deep bidirectional transformers for language understanding — 2018. it 50


https://arxiv.org/pdf/1810.04805v2.pdf
https://arxiv.org/pdf/1810.04805v2.pdf
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BERT

Iy | T3] |Ts| Tsep| |Ti| |T2| (T3] |Ta] |Tsze
t ¢ 1 t + ¢

—p| O
)
)
>
>

BERT

socoproers WM i ik i mim mim e mlm e el wis

_|_

Bekrop noavummn [l HE H BB - n EE BN ] N
+
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[CLS]||OceHbto||4acTo|(naeT||aoxab|([[SEP]| |A| |3umon cHer||[SEP]
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BERT pretraining (masked LM)

15% TOKEeHOB MaCKUpPYOTCH

noXab 31MOW
1 1
C T T, T3 Ts | |Tsgp | (T4 T, T3 | |Ty | Tsgp
4 1 1 1 ¢ 1 1 1 t 1 1
BERT
BekTop TokeHa .* ‘ ‘ .* .*. .f. ‘ .*. ‘ f. .f
+
Bektop nosunumn ] ] H B B | H HE . HE L]
_|_
BekTtop cermenTal Il L] L] B L] ‘B B AR ERINEN
i SR SR S SRR SR S t 4
[CLS]||OceHnbto||uacTo||naeT|[MASK]|[SEP]| (A| |[[MASK] cHer ||[SEP]
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BERT pretraining (masked LM)

15% TOKEeHOB MacKupyloTCS '
4yacTo AOXOb 31MOM cHer

* 80% - [MASK]; ) ) ) )

* 10% - HEU3MEHEHHbIE; ¢l N =) ] @) el 7] [z T3] [T |Tsee

1 1 1 1 1 t ¢ 1 t + 1

* 10% - cny4anHeble;

BERT
BekTop TokeHa .* ‘ ‘ .* .*. .f. ‘ .*. ‘ f. .f
+
Bektop nosunumn ] ] H B B | H HE . HE L]
_|_
BekTop cermental B B

H N 'E S EEEEENEEEEEE
4 4 t 4 4 4 4 4 14
[CLS]||Ocenbio| |cHer| |naeT|[MASK]I[SEP]| |A| [[MASK] cHer||[SEP]
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BERT pretraining (NSP)

[lpeackasbiBaeTcd, ABndeTca N doparMeHT B crieayrowmm 3a goparMeHTom A

_________

IsNext:
>@ r | (] (] [1s] [see] [r1] (1] [13] i) [Wdee
'NotNext: ¢ ¢ t [\ ¢ ¢ t t 1 1
BERT
BekTop TOKeHa .* ‘ ‘ .* .*. .f. ‘ .*. ‘ f. .f
+
Bektop nosunumn ] ] H B B | H HE . HE L]
_|_
BekTtop cermertal Il ] L] | ] BN B FENENSEENEERE N
¢ ¢ ¢ ¢ 4 ¢ 4 ¢ 4
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Large Language Models
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https://github.com/Mooler0410/LLMsPracticalGuide/
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Large Language Models

LANGUAGE MODEL SIZES TO MAR/2023
13B @

£ SRIRT oY sLoom YRR =)
Luminous ' |
i P {  sLoomz GLM-130B
n 1768
NLLB ChatGLM-6B
54.5B
PaLM
PalLM-Coder OPT-175B MOSS
) Minerva BB3 208* GPT-4
- ) 5 Med-PalLM OPT-IML ihticiasad
G:::,; s Jurassic-1 ). Flan-PaLM 758 bz
1788 & By /\\ U-PaLM LLaMA
Flan-U-PalLM 65B*
ey Med-PaLM 2 @
\ el 540B LM :
& Parameters : Ya o ,
LaMDA ' Gopher 108 1008
‘ Al lab/group LaMDA 2 2808 '@
L) Available 1378 ELZCE' Chinchilla tho,g:go @ KeR
Closed : @ G e 70B* 5
.
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Cneaytowlaga nekyms

MHdopMaLMOHHBLIN MOUCK
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