OCHOBbI NPaKTUYeCcKoro
MCMNO/1Ib30BAaHNA HEUPOHHbIX CETEN.

Nekumna 10. TpaHchopmepbil.



3a4a4YM aHa/IM3a eCTeCTBEHHOro A3blKa

O Natural Language Processing (NLP) — npumeHeHne meToa0B pacno3HaBaHUsA
0b6pas3oB B cnOBaM, NPEeANOKEHUAM, TEKCTAM.
O Buabl 3apay NLP:

= KnaccndumKkauma Tekcta (text classification)

» dunbTpauma KoHTeHTa (content filtering)

» Knaccudukauma ot3biBoB (sentiment analysis)

" MogennpoBaHue a3blika (language modeling)

" [NepeBog (translation)



[MpenobpaboTKa TEKCTOBbLIX AAHHbIX

Text

0 Hopmanusauus: npusegeHue K
MPOMNMUCHbIM CUMBOJIAM, YaaneHne 3HaKoB
NYHKTyauuu. Standardized text
U BbigeneHne TOoKkeHOB: CUMBOJIOB, C/10B,
rpynn cnos (N-gram).

Tokens
1 BekTopusauua: npeobpasoBaHue
TOKeHa B BEKTOp (choBapb = UHAEKC
CNnoBa B c/ioBape - BUHApPHbIN foken indices
BeKTop/ambeauHr).
Vector
encoding
of indices

The cat sat on the mat.

Standardization

the cat sat on the mat

Tokenization

"the",

"cat", "sat", "on”, "the”, "mat"

Indexing

3, 26, 65, 9, 3, 133

One-hot encoding or embedding

oljof{o]joffo]]
ojofft1]|1|fo]]|0O
o|jof{o]joffo]|o
110 jaf(1]|1((0
o1 ([1]|0ff0Q]]|0
Oljof{o]joffo]]1




[lpencTaBieHUe TeKCTa

O Tekct — mHOoecTBO cnhos (N-gram) — bag-of-words.

" CEeTM NPSAMOro PacnpoCTpaHeHus, NepcenTPOHbI.
O TekcT — nochepoBaTeNnbHOCTbL CNOB

= PekyppeHTHble ceTn (LSTM, GRU)

it

]

I 5

| I love this movie! It's sweet, : : the 4
Tp aH Cd)o p me p bl but with satirical humor. The falry ah\fays.:. b‘feto it to 3
dialogue is great and the . whimsical rerl | and 3

adventure scenes are fun... merﬁaseend'al anyone seen 2

It manages to be whimsical ppy diaogue yet 1

and romartic while laughing adventure reognﬂﬁr:‘il;nld would 1

at the conventions of the whoSweet of movie | v_vhlms ical 1

fairy tale genre. | would it !putto rop'lantic | ‘ times 1

recommend it to just about several TR sweet 1

anyone. |'ve seen it several the 202N it the " satirical 1

times, and I'm always happy 1o soonea | the :3': . adventure 1

to see it again whenever | i € times ag genre 1

have afriend who hasn't I and " and . fairy 1

seen it yet! whenever while humar 1

conventions have 1

with great 1

lMpedcmaesneHue muna bag-of-words
https://koushik1102.medium.com/nilp-bag-of-words-and-tf-idf-explained-fd1f49dce7c4
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BekTopusauua. leCKpnUntopbl CNOB.

 BuHapHble BeKTOpa (on-hot): .
He oTparkatoT CBOMCTB
" BbICOKAas Pa3MepPHOCTb
eCTeCTBEHHOro fA3blKa

" OPTOroHa/ibHbI

" pa3perKeHbl.
1 dopmmposaHmne geckpuntopos cnos (3mbeaunHr)

One-hot word vectors: Word embeddings:
- Sparse - Dense

" BEKTOpPa AnA 6An3KMX No CMbICNy CN0OB O0J1XKHbI ObITb
6}1VI>Ke yem Te, KoTopble MMEKT Pa3HOE 3Ha4YEeEHUNE

- High-dimensional - Lower-dimensional
I - Hardcoded - Learned from data

" NOJIy4YeHbl B pe3ysibTate 0byvyeHuns
= word2vec |
" GLoVe [

https://habr.com/ru/post/446530/



TpaHcpopmepbl Ansa 0bpaboTKMU
TEKCTOB

U Vaswani et al. Attention is all you need, 2017

U CeTb npAmoro pacnpoctpaHeHus, 4aCTUYHO CBA3aHHaA, HECKO/IbKO
napannenbHbix BeTBEN, 6e3 CBEPTOYHbIX CNOEB.

U N3HavanbHO npeaHasHaveHa ansa NLP, celiyac agantupoBaHa Ans Apyrux
3334, HaNnpumep, aHanM3 U30b6paxKeHU.

THE
—_— —» | | am a student

TRANSFORMER

2 Tt




CTpYKTypa TpaHCchopmepa

U SHKoaep - dekoaep

| am a student

*

e 1 )
[ ENCODER ) > [ DECODER ]
) )

[ ENCODER ) [ DECODER )
) )

[ ENCODER J ( DECODER ]
) )

[ ENCODER J ( DECODER ]
) )

[ ENCODER ) [ DECODER ]
) )

[ ENCODER ) [ DECODER )
. A J/

suis  étudiant



JHKoAep

0 Cno#t BHMMaHMSA: OLEHUTb B3aMMOCBA3b C/10B BO BXOAALLEM
nocnenoBaTe/IbHOCTH.

0 CeTb npAMoro pacnpocTpaHeHua Ana oTobpaxeHua pesynbraTta cnos
BHUMAHUA

Feed Forward Neural Network

Self-Attention

N ()
—




MexaHu3am « BHUMmaHua»

U CnoBa moryT umeTb pasHoe 3HauyeHne B 3aBUCMMOCTM OT KOHTEKCTa

U BbigeneHune npnsHakoBs, 3aBUCALLUX OT KOHTEKCTA.

U Llenb — chpopmmpoBaTb HOBOE NPU3HAKOBOE NPEACTABNEHNE roiitiiten
B 3aBMCUMOCTU OT APYrnUX C10B B NOC/1€A0BaTE/IbHOCTMU.

Input

sequence
New
'the', 'train', 'left', 'the', 'station', 'on', ‘'time’ representation
Token
Attention
=
= -..9_ @ Scores for Weighted
2 B 5§ & 2 5 E “station” token vectors
the 0104
Softmax,
train X: N 0.1 0.2 0.8 scaling, and Context-aware
multtiplication vector
left 0.1]0.1 06 .
the 3(01(|02| mmp |03 -p | Attention scores
station 02 m tation Udes peanuszayuu mexaHu3ma «BHUMAHUS»
- 8 2ny6oKkom obyyeHue
on 0.2 [ on_ |
time 02 ime ]

Attention scores 9



Moaenb “Query-Key-Value”

0 3anpoc (query) cpaBHMBAETCA C U3BECTHLIMU 3N1eMEHTaMM AaHHbIX (key) >
KO3PDULNEHT CXOXKECTH.

O [ns Kaxkaoro M3BecTHOro 3/ieMeHTa CONOCTaB/IeH BEKTOP 3HaYeHui (value).
L Pe3ynbtaT cymma 3/1eMeHTOB 3HaYeHU, 3aBelleHHbIX KoabdpuumneHTamm
CXOXKecCTu.

outputs = sum(values * pairwise_ scores (query, keys)) Keys Values

match: 0.5 LA
B
Beach e
/A
F II —— =
>

Tree

Query

[Q “dogs on the beach” ]

Boat

match: 1.0

Beach

MpumeHeHue mogenu “query-key-value”

[ONA PaHXMPOBaHNA N306parkeHNn no ux maten: 02
Dog . 3

PeneBaHTHOCTM TEKCTOBOMY 3amnpocy |

10



Mpumep “Query-Key-Value” (1)

Input

Embedding LT TT] LT 1T

L SnemeHTbl 3anpoc, KAty U 3HaYeHne — pe3yabTtaT
YMHOX€EHMS BXOAHOro ambeamHra Ha Quertes o i we

COOTBETCTBYIOLLYIO MATPULLY
Keys [:I:I:] [:I:I:]

Input

U BbiuncneHume KoapouumeHTa CXoXKecTu 1
B3BelWMBaOWMX KO3GOULMEHTOB
(neneHune Ha 8 — AN AaHHOro Npumepa)

Embedding

Queries LT CIT]

Keys HEE (L]
|

Values

Score

Divide by 8 ( vdx )

Softmax



Mpumep “Query-Key-Value” (2)

U MonyyeHune npeacraBneHus c
YY4eTOM BHMUMaHUA ANA BXOAHOIO

choBa

Input

Embedding
Queries

Keys

Values

Score
Divide by 8 (Vd; )
Softmax

Softmax

X

Sum

12



MHoOX}ecTBeHHOe BHMMaHue

0 dopmunpoBaHmne HeCKONbKUX NpeacTaBAeHUI (NapannenbHo) Ana BXOAHOM
nocneno0BaTe/IbHOCTU C NOCeayoLWen KOHKaTeHauuen

Output
[
I B
s )
Concatenate
Attention M~ Attention
head 1 — T head 2
= % s —= ~
Attention Attenti
7 Q K V\j )’ Q K V \J
[ D [ Dense w Dense J [ De [ Dense ] | Dense |
L ]
Query Key Val Query Key Val




[Tloumep MHOXeCTBEeHHOro BHMMaHuA

1) This is our 2) We embed 3) Split into 8 heads. 4) Calculate attention  5) Concatenate the resulting / matrices,
input sentence* each word* We multiply X or using the resulting then multiply with weight matrix to
with weight matrices Q/K/V matrices produce the output of the layer
X Wo®
Q
Thinking 0
Machines ?ﬂ:‘:'w
W, @
* |n all encoders other than #0, 01
we don't need embedding. e
We start directly with the output ﬁ'

of the encoder right below this one

Qs




[TO3NUMOHHOE KoanpoBaHue

L Heobxoaumo yunTbiBaTb NOPAAOK CNOB B MOC/1€A0BaTE/IbHOCTY.
U K BekTOpy ambeaunHr ciioBa A0baBAseTCA BEKTOP, onpeaenstoumn ero

no3nuunio B NpeanoxxeHunu.
] ] ]
( ENCODER #1 ﬂ
C ENCODER #0 @
1 1 i
EMBEDDING
WITH TIME
SIGNAL i Xe X3
oot [ ] t ]
EMBEDDINGS x| | | | x2 [ x; IR
INPUT Je U étudiant

st EER R PR R L R L L LR EE L P LEEEL B L LR EEEE L EELELERELERR R D PEEEE

/'Ipumep Mo3UYyUOHHO20 KodupoeaHUH dflﬂ 20

cnos. [nuHa eekmopa - 512
15



ApPXUTEKTYpPa 3HKoAepa

U SHKopep + KnaccuduKkaTop = pelleHne ans
KnaccuduKaumm TEKCTOB.
U SHKkopep + Oekoaep = moaenb Ans 3a4ad
nocnenoBaTeNbHOCTb — NOCeA0BaATE/IbHOCTb
(sequence-to-sequence)

" Nepesos

" cocTaB/ieHUe abcTpaKkTa ANs TeKCTa

" OTBET Ha BOMPOC

" reHepaLua TEeKCTa.

[ LayerNomalization ]

Dense projection

[ LayerNomalization

( MultiHead Attention

-~

-

~

A

Residual connection




Moaenb sequence-to-seq UENCE

U Jexkoaep npeackasbiBaeT BbIXOAHOE
CNOBO Ha OCHOBAHWM €ro B3aMMOCBA3MU
CO CNOBaMM B UCXOAHOM
nocneaoBaTebHOCTU:

" BbIXOAHOE C/I0BO — 3aMnpoc

" UCXOAHaA NOCNeaoBaTe/IbHOCTb —

K/1t04, 3Ha4YeHMme

TransformerEncodar

Encoded source

Targat offset by one step

|
LayarNormalization J

o
T

Dense ]

-
D
Dense

[ MultiHeadAttention ]

[ LayemNomalization J
O—
i
Dansa ]
Danse |

i

—————

[ LayemNomalization J
O

|

t 44

I

s
LayarNormalization J
b

/‘J"\'
+
&
( MultiHeadAttention

L ¢4

<

[ LayarMormalization ]

.
G

A

"y
MultiHeadAttention |

Lt

Target 17

TransformerDecoder



[eHepaLlmnAa BbIXOAHOIO C/10A

U NnneltHbi cnoih + softmax = BekTop (pasmep cnosapsn)

Which word in our vocabulary

is associated with this index? am
Get the index of the cell
with the highest value >
(argmax)
log_probs [TTTTTTITTTTT T T I
8 12345 .. vocab_size
4
( Softmax )
4
logits LD el
8 12345 . VWocab_size
4
( Linear )
4
Decoder stack output

18



Mpumep sequence-to-sequence(1)

U KognposaHue BXxoaHOW NnocnenoBaTe/IbHOCTU, NOAYYEHNE NepBOro
BbIXOAHOTO C/10Ba.

Decoding time step:(1)2 3 4 5 6 OUTPUT
( )
( Linear + Softmax )
ENCODER J ( DECODER J
L) /)
ENCODER DECODER ]
~ J
EMBEDDING
WITH TIME [ITTT] LITT] [ITT]
SIGNAL
EMBEDDINGS CITT] ITT1] [T 1]
INPUT Je suis  étudiant

19



Mpumep sequence-to-sequence(2)

U Bbi3oB geKoaepa ¢ TEKYLWMM CreHePUPOBaHHbIM GParMeHTOM MOKa He
noABUTCA prar OKOHYAHUA reHepPUpPyemMor Nociea0BaTeNIbHOCTY.

Decoding time step: 1(2)3 4 5 6 QUTPUT |
4 R
( Linear + Softmax )
HH t
ENCODERS DECODERS
- _/
EMBEDDING * t : ; t ) . * .
WITH TIME EEEE] EEE] =R EEEE
SIGNAL
EMBEDDINGS EEEE ETT B
INPUT PREVIOUS

OUTPUTS



JlnTepartypa

O Francois Chollet. Deep Learning with Python, Second Edition, 2021
O Transformer B KapTuHkax (https://habr.com/ru/post/486358/)



