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Seq2seq (Sequence-to-Sequence) u
Attention

*  Seqg2seq
* Attention
*  Transfomer

*  CermeHTaumna no noacnosam: BPE

*  AHaNU3 U MHTEPNpPEeTnPyemocCTb




3a4a4a nepeBoa TEKCTa

Yenose4yecknmn nepesoa,;

BepoATHoCcTb y* = argmaxp(y|x) WHTYyMTMBHA W onpeaenseTcs
OMbITOM YeoBeKa. g

MalWWHHbIM NepeBoa;
BEPOATHOCTb y' = arg mjflxp(ylx, 0),roe 6 —napameTp moaenu.

BO3HMKalOT BOMPOCbl MoAenupoBaHUA (Kak BbIMAAUT MOAENDL),
obyueHunsa (Kak HanTn B) N nonckKa (Kak HanTu argmax).




* modeling

How does the model

oo | APXUTEKTYPA «KOAUPOBLLUK-
nekoamposwyk» (encoder-decoder)

Encoder builds a Target sentence
* KoagnpoBLWMK — CYNTbIBAET NCXOAHOE representation of the source I saw a cat on a mat <eos>
and gives it to the decoder
npeanoXeHne n co3aaEeT ero \ T
npeacrasneHune Encoder — Decoder
* leKoANPOBLLMK — UCNONb3YET
T Decoder uses this source
NcxoaHoe npeacrtaBneHue oT S BMAen KOTHO Ha MaTte <eos> representation to generate

" w

on” "mat”

Source sentence

"T" "saw” “cat
KOAMPOBLLMKA ANA reHepaLmn Lenesom the target sentence

nocnenoBsaTe/ibHOCTMU.




Moaenu ycnoBHOIo A3blKa

n
A3bikoBaa mogenb:  P(yy Vo, oo, Vn) = HP(Yt|Y<t)
t=1

n
YcnoBHas A3bikoBas mogenb: P(yy vy, ., Y, |X) = ‘ ‘p(ytlyq,x)
t=1
condition on source x

e




Obwum sna

Obwmnin npouecc nmeet BUA,:

* NICTOYHUK JaHHbIX U paHee creHepmpoBaHHbie c/10Ba NepeaatoTcs B
CeTb;

° NoJsly4aem BEKTOPHOe npeacTtaB/ieHne KOHTEKCTa (Kak McxoaHoro,
TaK U NpeablayLero);

“ Ha OCHOBE 3TOIo BEKTOPHOTIO NnpeacraBaeHnda nporHO3Npyem
pacnpeaeneHune BepOﬂTHOCTeVI ANAa cneayrouero TOKeHa.




Obwum sna

P(* |9 Buaen KoTHO Ha maTe <eos>)

—

— "
s get probabulnty
—— distribution for
5__] the next token
=]
VR
: —_—
Encoder — Decoder
process source and
) o) previous history
of 10 |0l lo] |o|l |o e}
ol |10 lo| lo] o] |o e}
of 10 lo] lo] lo|l |o o
) 9u \;B“Ae::nuxo‘"::o“ Hau TaTen(eos> <bos>
I" "saw” "cat” "on” "mat -
L J | I |
source previous history




BbicoKoypoBHeBasA cxema

|V| tokens P(*]|I saw a cat,
Q BMAes1 KOTHO HA maTte <605>)

_—

<

d-sized
vector

=l

softmax ———— | 9etprobability
> distribution for

the next token

Transform h linearly
fromsized to|V] -
the vocabulary size

0000000000

n”nnn

pu—
_—

Encoder —— | Decoder

(@)
8 N: vector representation
o of context (source and

previous history) process source and
I I I previous history
o) o 0 o ol = Word
o 8 1© 1o 1° E L embeddings

4 Buaen KOTHO Ha MaTe <eos> <bos> T saw a cat

| I" “saw" "cat” “"on" "mat” | : | —

0000
000
000

0000
0000
0000

source previous history




[pocTtenwuana moaens: RNN-Koaep v
nekoaep

Vector representation
of the source — use it

asinitialdecoderstate_‘ I saw a cat on a mat<eos> <= largelsentence
Initial RNN |© of 1o (o] le o] [o] [o] [o] o| |o
@] @) @] @) ) @) @] @ © @] @)
state (e.g., |o o i 1 et Y e Y el P et P o P o ole
zero vector) |© ol (o] o] Jeo ol lo| o] |o ol o
ol [o] [o] [o ol o] [o| o o| |o
Input word . ol o] |o| |o ol |o| |o| |o of o] - Output word
embeddings o 181 Bl I8 (I A IS embeddings

Source sentence — 4 guaen KOTHO Ha MaTe <eos>

nw nw

"T" “saw" "“cat” “on" "mat"

Encoder RNN Decoder RNN

<bos> I saw a cat on a mat




KoHeuyHoe cocToAHMe KOAUPOBLLIMKA

Let’s look herel 1

(ONONONO)

[6000}l—={ 000 0]

0000

4 BUuaen KOTHO Ha MaTe <eos>
"T" “saw" “cat” “on" "mat"

Encoder RNN

0 John admires Mary

O Mary admires John

O Mary is in love with John

O Mary respects John

O John is in love with Mary

O John respects Mary




KoHeuyHoe cocToAHMe KOAUPOBLLIMKA

OT was given a card by her in the garden

10t o In the garden, she gave me a card
© She gave me a card in the garden

adl © She was given a card by me in the garden
©In the garden, I gave her a card

© I gave her a card in the garden




* |earning
How to find 67

Kpocc-aHTponuA

Source sequence: Target sequence: <—— one training example
Sl BUAEN KOTHO Ha maTe <eos> I saw a cat on a mat <eos> <—— one step for this example
"I" “saw" “cat” “on" “mat” '/—' ‘\

previous tokens we want the model
to predict this

Model prediction: p(=*|I saw a, Target Loss = -log (p(cat)) — min
4 .. <e0s) - -
DI:I C——1 |decrease

decrease

0
0
L =)
PN —_— _INncrease
cat 4] —
0
0
0
0




Kpocc-aHTponuA

Encoder: read source

Q000

we are here

v
Source: S suaen KOTHO Ha MaTe <eos> Target; I saw a cat on a mat <eos>

"T" “"saw” "cat” "on" "mat”




Kpocc-aHTponuA

Encoder: read source Encoder: read source Vector representation

Of the source - use it

- as initial decoder state
“ > R {me e
o * °
E O (v)
'I- loPle 1o Ple
1 5}
[6)
: T11
o)
o ol lo] o] |o
q - ol lo] lol |o
4 supen ol ol lo] lo
g S— ” ol o] lol |o
I" "saw et

wWe are nere

THO HQ MATe <eos>
"cat” “on” "mat”

we are nere

3

]
Source: $ sumaen KOTHO HaQ MaTe <eos>

o

v
Source: §suaen xoTHO Ha MmaTe <eos>
"T" "saw” "cat” “on” "mat”

"I" "saw” "cat” “on” "mat”




Kpocc-aHTponuA

Vector representation %
of the source - use it %J
as initial decoder state :1[:]
=l
 I—
— =
o o
3 o o
o —
= B 8 g s g Get probability
A ‘ leMe o) distribution for
I I ot 1 b ° the first token
~ - - I I Initial P(+]8 ... <eos>)
o| |o o S o
o| |o O ol lo RNN state
O 8 O o| |o
- o| lo
4 suaen Kot mare < — O we want the model
Sy - A " ow " -’nn " " eos> g BMAM mm Ha mare <e°$) to ‘3“’(’””1 Ihlg
I" "saw” “cat” "on” "mat “I* *saw” “cat” “on” "mat” l v
N

Source: 4 suaen koTHo Ha maTe <eos>  Target: I saw a cat ona mat <eos>
"I" “saw" "

" - o

cat” “on” "mat”




Kpocc-aHTponuA

Target Target
g g Target
——| 0 "
—— 0 —— 0
< ’ 0
B «—I — [1 % decrease 8 %1 .
C— 0 o 2
— 0  — Increase 1 —
= > = " 0 [ ———r] 1
= 0 — 0  I— 0
= decrease 0 — 0
G 0 C] 0
Find the correct first token - L 0 E]l:] 0
0

(our target)

(co00)

8 Evaluate loss and
gl I make an update
o . I
Loss =-log (p(I)) = min
Initial g Done with this token!
\IN state o
(o]
Initial
RNN state

S BUAEN KOTHO Ha mare <eos>

"

“I" "saw” “cat” “on" "mat”




Kpocc-aHTponuA

I
- - ==
0 g g g Move to the =]
o o[”le next token :]l:
o o| | S
f t 5
0
ol [o 0] 0
N-E-R-N- .-
o| |o ls} € i i g Get probability
- S WE We LLne 1004e
S BUAEN KOTHO Ha MaTe <eos> 1 s Eraelierehsle o distribution for
“I" "saw” "cat” "on" "mat” T ut the next token
N l
Source: £ suaen KoTHo Ha mate <eos>  Target: I saw a cat ona mat <cos> - q .. <e0s)
“ i~

“I" “saw” “cat” “on” "mat”

I saw a cat on a mat<eos>

. ° Done!

Qo (o] s - o o

o ° Take the next training

e © example (another pair
I of source and target

O C C sequences) and do

8 : the same

O} O . L C O B
A sunen KoTIO Ha mare <eos> I saw a cat on a mat

" e

"I" "saw” "cat” "on” "mat”




* search

How to find

esoma Kak co3aaTtb nepeso?

n
y = arg m}f;lXp(ylx) = arg m}axnp(ytlyq, X)
t=1

[TpoCcTOW BapUaHT:
° aAHoe AeKoAMPOBAaHME — HA KaxkAOM Luare BblOMpaem TOKEH C

Hanbonbluen BEPOATHOCTbIO

n

n
Ho argmax 1_[ PVely<e x) # 1_[ arg max P(Vely<e x)
t=1

t=1

e




Beam Search (ny4esov noucK)

Ha Ka*kaom stane COXpaHAEeM HECKOJ/IbKO Iy4HWNX TMNOTES3.

HaunHaem ¢ Mapkepa Hayasna npeasioeHna wuam C  NycTom
nocneaoBaTeNbHOCTM.

<bos>




Beam Search (ny4esov noucK)

CreHepupoBaTb: beam_size Hanbosnee BepPOSATHbIX TOKEHOB

A cat
/ A -
N [kitten

b /
<bos>
\ The \ cat

kitten

<bos>

e




Beam Search (ny4esov noucK)

[TocMmOTpUM Ha BEPOATHOCTMW: lP(The cat) > P(A kitten) > P(A cat) > P(The kitten)

v icat , icat sat

kitten—— |was

<bos>

<bos>

\The-/ cat \ cat| —— |saft

. E“-“““"“"“““-"E ‘/
Jiivrem 'Theuv R :\\\\
......................... ~aikitten was




Beam Search (ny4esov noucK)

o
------------------

<bos>

/N
|

L




Beam Search (ny4esov noucK)

---------------
JuEEEREEEEmEEEY n

- icat; . isat on

kitten—— |was{——|in

<bos>

///’
\ cat| —— |sat|——=|on

"2 iwas! to

[ ———




Beam Search (ny4esov noucK)

------------------------------

---------

<bos>

\ cat| —— [sat|——=|on

!IIIIIIIIIIIIIIII. ‘-‘ 'IIIIIIIII=

[




Beam Search (ny4esov noucK)

kitten|—— [was|" - in the

---------

<bos>

///’
\ cat| — - |sat|——|on|——|a

Thel” \
S St T T cac e S

the

SummamimmEmEmnnd [ ———




Beam Search (ny4esov noucK)

<bos>

cat




Beam Search (ny4esov noucK)

-
------------------

<bos>

v
\\\\ cat




Beam Search (ny4esov noucK)

Bce runoTesbl 3aBepLUEHbl, reHepaL s OKOHYEeHa

--------------------------------
FILCLTTYTTYTYTTY =

> lwas !l ,m The rug\—> <eos>

<bos>

-------

\ cat| —— |[sat|——on| > a mat— [<eo0s>

.....................................................

...............




Beam Search (ny4esov noucK)

Bbibepem runoTtesy c HanbonbLEeN BEPOATHOCTbIO.

pEmImEEEEEEEREE LRkl L T UL LI LTI TS
prumsmsmnimnnng

___________ - icaf; - isat; jonpia) e imat
AT
P P Qg P e,
) -\ kl'l"l'en ............... > : WGS ................ >;|nf 2 The 1 r.ug . (eoS)
(boS) R —

\ /ca‘r ——— |sat|——=|on| Q. mat{— [<eos>
Th e 1 ...'.'%. . """‘...‘ \

JuSEmEEEImERERERE

---------------

......................................................

---------------




Attention. NMpobnaema pmnKcUpoBaHHOro
npeacTaBneHUA Koaepa

duKcnpoBaHHOEe NpeacTaB/ieHne UCXOAHOro TEKCTA M10X0:
® KOJepy C/0XKHO CXKaTb NpeasioxKeHue

* IeKOZIEPY MOKeT NoTpeboBaTbCcA pasHaa MHPOPMaLMA HA Pa3HbIX 3Tanax

We saw: encoder

compresses the source
I saw a cat ...

intoasinglevector\ T T T T T

Encoder — Decoder

P11t 11 \ (O I

[© 00 9]

9 Bmaen KOTHO Ha maTte <eos>
" " w "H W " W " w " < b os> I saw a CGT
I" “"saw" "cat" “"on" "mat

Problem: this is a bottleneck!




Attention

Attention: Ha pa3HbIX 3Tanax No3BoaAem mogenn «GoKyCcMpoBaTLCA» HA Pa3HbIX

YaCTAX BXOAHbIX AaHHDbIX.

Bbixoa, attention: B3BelleHHass CyMMa COCTOSIHUI Kodepa ¢ Becamu attention.

Beca attention: pacnpeageneHue No NCXOA4HbIM TOKEHAM.




Attention

Attention

score(hg, si)

scalarT out

for target step t?
Attention 9 P
function

0000

Encoder state
for token k: s,

O How relevantis
source token k

Decoder state
atstept: h;

000

9 BUAEnN KOTKO Ha MATe <eos>
\\Iu “SGW" “CGT

nw nw

on” "'mat”

ol 1o [ [ [¢] [0 ol [e] [o
ol ol Jof 1o] o] |o ol o] o
ol 1ol 717l o7l o
ol o] |of o] o] o ol le] lo
ol [0l ol ol ol [o ol [0 [o
ol lol ol lo|l lo|l lo ol lo| lo
ol lo|l ol lo|l lo|l lo ol lo| lo
ol lo| ol lo|l lo|l |o ol lo| lo

p@ 3
A

<bos> I saw

N

p®

O
O
O
O
a




BbluncnmtTenbHasa cxema

m
Attention output cT(f) = ag")s1 + a:g")s2 + -+ a,(ﬁ)sm = Z a,(f)sk
k=1
: “source context for decoder step t”
(weighted P
QUMY
_ _ exp(score(hy, s
Attention weights a,gt) = om i ¢ 5k)) ,k=1..m
T o exp(score(hy, s;))
| (softmax) “attention weight for source token k at decoder step t”
Attention scores score(hg, s;),k=1..m
‘ “How relevantis source token k for target step t?”
Attention input 51552, s S h¢
allencoder states one decoder state




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

Initial RNN
state (e.g.,
zero vector)

Q000

Input word
embeddings

Source sentence —=> 4 pupaen KOTHO Ha MATe <eos>
\\I“ \Isaw" "

i Output word
embeddings

—_—

<bos>

"W

cat” “on” "mat"

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

-------

Initial RNN [o o]

state (e.g., g 8_,

zero vector) |© e
Input word . 8 . Output word
embeddings 8 embeddings

Source sentence ——= 4 puaen KOTHO Ha MATe <eos>

— . <bos> I saw
IH SGWH

" w nw

cat” "on" "mat”

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

0000 [m—m a3 —s0

Initial RNN e [e] [e] o] |© o| |e
@) @] o @] @) (@) Q
statele.o., lorlorlolore — o >

zerovector) o] |©] [e] |9] @ e| |e

O O O O O O @] o]
Input word ol o lo] o] o |o o| |o Qutput word

‘ — Jo| lo| o] lo| o] |o ol |o b .

embeddings ol lol 1ol ol lol lo ol 1o embeddings

Sourcesentence —= 4 puaen KOTHO Ha MATe <eos>

o . <bos> I saw
IH SGW”

"W

cat” "on" "mat”

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

I saw a cat

1T

52 p(3) p®

Initial RNIN . 0] o
state(e.9., |o g g_,
zero vector) |© o) o)
o) o)
Input word . o o = Qutput word
embeddings S S embeddings
% —
Source sentence <] Bl/l,ne”.l'I“KOTl-O Ha Mdarte <eos> <bos> I saw a

"W "nw

“T" “saw" “cat” “on" “mat"

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

saw a cat on

1]

N3 p() p(5)

— l

Initial RNN 8 8 8 8 8 ol o ol |o

ol . |o ol Jo

stateea., [orelorloPlo el el A

zerovectorn) 2] (2] (o |2of (o] o] |o ol le

O o] O O O O o] O
Input word > 19 191 |0 |of |of |o ol lo| < Qutput word
embeddings ot T I S I S 3 8 embeddings

Sourcesentence — 4 puaen KOTHO Ha MATE <eos>
“I" “SGWH "

nw " w

cat” "on" "mat”

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

£
",
.,
s,

e
4

saw a cat on a

111

||"]|t|a| RNN (@] o o (@) (@) (@] 0] (@] (@] (@] @] (@] (@]
ol lol dof Aol o) Jof |o ol o] el lo| Jo| |o
statele.a., oo Pl Pl rie o2l “lerler e el oo
zerovector) [ef (o (2 2] (e o] |o ol o] o] |e]l o] Jo
(@] (@] (@] Ol (@] (@] (@] O O (@] (@] (0]
Input word ol lo| lo| lo| o [o ol lo| Io| lo| |o| lo| < Output word
. — Jo| lo| lo| o] lo| o ol lo| lo| lo| lo| lo :
embeddings of o] lo |o] [o| |o of o] lo |0 |o| |o embeddings
O] O
Source sentence —>Q ‘llsmne:’n“KOTl’-,o“ H(J" ::/\aTe”(eos> <bos> T saw a cat on
I""saw” "cat” "on" "mat
Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

.......

Rt

aw a cat on a mat

Source sentence —= 4 suaen KOTHO Ha MATe <eos>

n ow

Initial RNN o] [e] [e] [e] [e] [e] [e 0] o] [o
SINECINEINEIREINEINE o ol o
statele.a., lorPlortoPPteric 12lorelo o e I
zerovector) [ 2 o [©f |2 [ef |o o of e
O 0] O O O O O O O
Input word > o el lo |o] lo| |o o) ol |9 < Qutput word
embeddings S 1Bl 188 18 18 - o 18 embeddings
a

<bos> I saw a cat on

nw "nw

"T" “saw" "“cat" “on" "mat”

Encoder Decoder




Moaenb yuutca sbibmnpaTb
COOTBETCTBYHOLLUE TOKEHDI

a cat on a mat <eos>

Initial RNN  [e] |© ol o] |© o]
ol Jo ol Jol Jo

state (e.9., |oPle o lPloPlol—— —

zero vector) |e] |© ol 1o o o

o ol [0 [o o o)
Input word o) ol |o |o 0 0 ; Output word

‘ — o ol |o |o o) o) i

embeddings o ol lol 1o o o embeddings

E—— -

Source sentence “Q”?Mﬂe’;l'luKOT:-fJ“HGHI:’\GTe”(EOS> <bos> T saw a cat on a mat
I" "saw” "cat” "on" "mat

Encoder Decoder




OyHKUMK OLLeHKM attention

Attention

score(hy, si)
o How relevant is
ScalarT out source token k

for tar t?
Attention SIS
function

in iN

(0000]
(0000]

O =
£l BUOEN KOTHO Ha Marte <eos>
ey W " ow " W " W o
I" "saw"” "cat” "on" "mat

Encoder state  Decoder state
for tokenk: s, atstept: h;




OyHKUMK OLLeHKM attention

* CkansapHoe npoussegenve: score(hy, s,) = hl s,

* bununeiinaa ¢dyHkuma: score(h,, s,) = hl Ws,

hl =
‘W X || 55,
O

[ceee) X

* MHOrocnouHbIN NepcenTpPoOH:

T

w3 hy
X tanh || W,

X
(0000 00009)
n
=

he

© OO O

Q000

. score(hg, s,) = w4 - tanh(W, [hy, s, ])

r
[
L
ﬂ
w



Mogaenb boraaHoBa (McxoaHaa moaens
attention)

c(t) -
“source context for |g
decoder step t”

Pass source context ¢® and
previous decoder state h;_4
to the next step

Multi-Layer Perceptron

. 1 |\ . '-‘:.
W; 9 ] hof |\ e =
(e} R o
X tanh| Wy X7 | 0\
8}51( s
Q

score(h,s;) = w3 - tanh(W, [h, s;])

13(4)

———

Bidirectional encoder
Concatenate states from
forward and backward RNNs

hy

0000

oooo|—>fb[o o)

0000
0000
0 |0000

BUAEN KOTHO Ha Marte <eos> <bos> I saw

" w

*T" “saw" “cat” “on" “mat”
decoderstep t

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIII




Mopaenb JIyoHra

“

c@®
source context for
decoder step t”

Combine ¢ and h,

Bilinear

score(hg, sx) = hf Ws,

(@

ngk
O

h]

t
0000] X
(eoo0]

0000

o
e AN tanh|| W,| X
: l. Lo p™ : ]c(t)

h¢ = tanh(W, [h¢, c 1)

1 2 3 -, .
pt p@ p®) © £ Combine source context
C

‘ c(® and decoder state h,

he to make a prediction

L

0000}=>{0000)
\.
v

4

[cC0C}—={00c00]

0000
0000
0000

ooool—=>{0000)

0000
0000
[e]eYe]e]

4 BUAEN KOTHO HG MATe <eo0s>

- . <bos> I saw a
IH SGWH

"W "W

cat” "on" "mat”

decoder step t

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIII



BbipaBHMBaHMe, BblydeHHOe C attention

= [%2]
= c v - -
- 5 g
)] po] 4 A
o & = © & =S N 2 E §
v o o = 0 o v £ (o) le)} = = Q5 c S A
£ ODCc & 30 ¢ ©OD S o v = O c P w T o e
Fooswuw<g 3 n £ I A v 3 L8082 w%0.3 §
L O = = c
L P GocSSEowsS2ES0 v
accord . Il
- convient
de
la noter
zone que
économique I'
européenne environnement
a marin
Tk est
eté &
signé moins
en connu
ao(t de

II
environnement

1992

<end>

<end>




Transformer: ocHoBHaa naen

Seg2seq without Seqg2seq with Transformer
attention attention

processing RNN/CNN RNN/CNN attention
within encoder

processing RNN/CNN RNN/CNN attention
within decoder
decoder-encoder static fixed- attention attention

Interaction sized vector




Attention

KoauposuwuK

Bce mcxogHble TOKEHbl CMOTPAT APYr Ha Apyra U OOHOBAAKOT NMpPeacTaBAeHUS
(noBTOpUTL N pas).

ANekoaupoBLUK

LleneBon TOKEH Ha TEKYLLUEM Liare CMOTPUT Ha Npeablaylime ueneBble TOKEHbl U

Ha ncxogHble npeacTtaBneHua, obHosnsAeT npeactasneHme (nostoputsb N pas).




[Touemy 3ToO MOKeT BbITb /lyyLle, Yem
RNN?

I arrived at the bank after crossing the ... .Street? priver?

What does bank mean in this sentence?




Self-Attention

Attention HanpaBneHO M3 OAHOro TEKYLLero COCTOSIHMA JAeKodepa BO Bce

COCTOAHUA KOAMPOBLLMKA.

Self-Attention cmoTpuUT M3 KarKAoro coctoaHusa M3 Habopa COCTOSAHUM BO BCE

OCTaJ/ibHble COCTOAHUA B TOM XKe Ha6ope.




Self-Attention

. . . I
(in practice, this L 9
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A I update token
: o representation
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Tokens try to | it T
understand : gather context
themselves betterin | T
context of each other 1
: “look™ at
; other tokens

Layer k
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S suAaen KOTHO Ha MaTe <eos>
"T" "saw” “cat” "on” "mat”




3anpoc, Kntoy, 3HadeHue (Query, Key,
Value)

Kaxkabi BEKTOP Nony4yaeT Tpu npeacTtaBieHna («ponm»):

3anpoc (query). BekTop, Ha KOTOpbIWM HanpaB/eHo attention

«lMpwuseT, y Teba ecTtb 3Ta MHGOPMALUA?»

Kniou (key). BekTtop, K KOTopomy obpallaeTca 3anpoc A1A BbIYMUCEHNA BECOB
«lMpuBeT, y MeHA ecTb MHPopMaLmna — ganTte mHe bonblion Bec!»

3HaueHue (value). Nx B3BeweHHas cymma — 310 attention output

«BoT MHbOpMaLUA, KOToOpasa Yy MeHA ecTb!»




3anpoc, Kntoy, 3HadeHue (Query, Key,
Value)

“cat”

g0yt
Scaled dot-product self-attention
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9 Buaen KOTHO Ha MaTe <eos>
“I" “Saw" “COT" “0n" “mGT"




3anpoc, Kntoy, 3HadeHue (Query, Key,
Value)

“cat"
] self-attention
Attention weights ,8‘
) T R T
Attention(q, k,v) = softmax (—) v .m\ i I -
SN Vi LA LA sofma |3 |
from to i !
vector dimensionality of K, V ’

a E 5

f

4 BWAen KOTHO Ha MaTe <eos>
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CKpbiToe Self-Attention

B neKkoaepe mMbl 3anpeliaem NPocMmoTp byayLmMx TOKEHOB — Mbl UX HE 3HaEM.

MpumeyaHme: npmn obyyeHnn pekopep obpabaTbiBaeT BCe LENEBble TOKEHbI

oAHOBpeMeHHO — 6e3 MacoK OH yBuaen bbl byayulee.




CKpbiToe Self-Attention

O}—>{0 0 0]

update token
representation

f

gather context

Ny
L

ol

) + . ) T
softmax
“look” at the
previous tokens

O
: (future tokens are
E T E E E E masked out)

<bos> I saw a cat

o—




Multi-Head Attention
108001 108001

heads work

independently heads work

independently

Multi-head attention | softmax |

- + - & | 229  Multi-head attention
i e

4 BUAEN KOTHO Ha MATe <eos>
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cat” “on" “mat”
4 emgen KOTHO Ha Marte <eos>
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Multi-Head Attention
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head 1

head 1 [g] head 2 [g]
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Multi-Head Attention

108000

109000

head 1 [g] head 1 [—w10_. s
%) (@]
head 2 g] head 2 3\): concatenate
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el 3 head 3 3—_—> N outputs of all heads
o) (@]
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Multi-Head Attention
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outputs of all heads
+linear layer
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%\;g M Multi-head attention
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Multi-Head Attention

MultiHead(Q, K, V) = Concat(heady, ..., head,)W,,

head; = Attention(QW/},, KW, VW)

query, key,
value for:
. 0 O] o . head
Splitequally  .{8}{2]--{R} 1
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into number of -8} 8 ........ 8 )
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Transformer

Transformer

Qutput
Probabilities

Add & Norm
Feed
Forward
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Feed-forward network:
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Transformer

Output &
Probabilities Qutput
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Transformer

Output Output
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[lo3nUMOHHOE KoaMpoBaHUe
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AHanuns. Heads B Multi-Head Attention
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CuHTaKCcHn4yeckue 3aro10BKu:
OTC/IeXKMBaHMe 3aBUCUMOCTEN
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CuHTaKCcHn4yeckue 3aro10BKu:
OTC/IeXKMBaHMe 3aBUCUMOCTEN
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KaK MOHATb, OTPaXKaeT /I moae b
JIMHIBUCTUYECKOE CBOUCTBO?

‘bronoun”  “determiner”
“verb” “noun”

PRPVBD DT NN «—— Labels: y;.p,

X1., €NCOde y;., ?

O (T) CT) O <«—— Representations: x;.,,

<«<—— Pretrained mode|




Standard Probing: oby4yeHune KnaccupuKaTopa,
MCNONb30BaHUE ero TOHHOCTM

PRP VBD ?T NN
T

6|L5| <—— Probing classifier




YTO MOaenu y3HatoT 0 MopPposiorm?

POS accuracy by Representation Layer Effect of Target Language on POS/Morph
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