BHUMAHWE N CAMOBHUMAHWE
Is

Cepreint HukoneHko

Cnery — Cankr-Metepbypr
16 oKkTA6PA 2026 T.

Random facts:

16 OKTA6pS 1834 1. cropen BeCTMUHCTEPCKMI ABOPEL,: B NMeyax NoA nanaton NOpPAOB XK
Bbllleawe 13 ynotpebnenns kasHauenckue 6UPKK, N OrOHb NEPEKUHYNCA Ha O6LWNBKY

+ 16 OKTA6PS 1846 I. B MaccauyceTckor 60NbHULLE BNEpBble Ny6AUYHO NPOBENN ONepaLuio
nos 3MpHbLIM HAPKO30M

- 16 oKTAGPA 1869 I. paboune, Konasline konoaew Ha depme B Kapaudde (wrat Hblo-Mopk),
HaLNV TPEXMETPOBOrO «OKaMeHeBLUEero BeNnKaHay; 3To bbina MucTuduKaumnsa ns runca

-+ 16 OKTA6PSA 1923 . YONT 1 Poit IncHen noanucani nepebliii KOHTPAKT, 1 3TOT AeHb CYnTaeTcs
[IHEM OCHOBaHWs CTyAUN

- 16 OKTA6PS 1975 . y TpéxneTHen Paxnmbl bary B baHrnagew AnarHoCcTMpoBany HaTypanbHyto
ocny; oHa BbI340POBEeNa, 1 3T0 6bIN NOCAeAHUI B UCTOPKK cnyyai Variola major

- 16 oKTA6PA 1978 1. MoaHH Masen Il ctan nepsbiM ¢ 1523 rofa HenTanbsHLUEM Ha Nanckom
npecrone



KPATKOE PE3IOME MPEAbIAYLLENA CEPUU

- B npownblin pa3 Mbl 3aKOHUYUN C KOMMbIOTEPHbIM 3pEHMEM
(cermenTauus, adversarial examples) n nepewwnu
nocne0BaTeIbHOCTAM: PEKYPPEHTHbIE CeTK, 3aTyxatoLime
rpagueHTbl, LSTM n GRU.

- Ho y pekyppeHTHOW ceTu BCS UCTOPMS OKaTa B OAHO CKPbIToe
cocTtosHme. CerogHs HayuYnum eé cMompems Ha3ao — MEXaHu3M
BHMMaHVA: cHavana B 3puTeNbHbIX MOAENsaX, MOTOM B
MalUHHOM NepeBoje.

+ A MOTOM BbIKWHEM PEKYPPEHTHOCTb COBCEM: BHUMAaHWe
noc/ne0BaTeNbHOCTN K CaMoW cebe, CamosHUMaHue.



YTO TAKOE BHUMAHUE?



BHUMAHUE

- Bbl e cenyac eHUMamenbHO MeHs ClyllaeTe, NpaBUNbHO?
+ A YTO 3TO 3HAYUT?..

- N306paxeHune c ceTyaTkn Toxe npoxoant yepes CNN, HO MOTOM
Mbl YaCTb €ro 3ameyaem, a 4YacCTb He 0COHBEHHO. YTO 3TO 3HAUNT?

- OKa3blBAETCA, UTO 3TO AOBOMBHO CMOXKHbIN BOMpPoOC.

+ A.P.Jlypud: BHUMaHWe, NamsaTb U akTUBaL WS KOpPbI.



BHUMAHUE

- [leno BO B3aMMOAENCTBUY C paboyen NnamaTbio (Knudsen, 2007):
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BHUMAHUE

- Kak 3To peanv3oBaTb B HEMPOHHOW ceTu? OCOBEHHO
«CO3HaTeNbHOEe» BHUMaHue.

- Ho 1 «6ecco3HatenbHoe» TOXe; Hanpumep, C KAPTUHKAMK: Mbl
K€ Ha CaMOM [lefle Mano Yero BUANM B KaXabli MOMEHT
BpPEMEHWU.

- LleHTpanbHas amka cetyatku (fovea):

Foveal Spotlight

What you actually see What you actually see (annotated) What you think you see

- Simons, Chabris, 1999: https://www.youtube.com/watch?v=vIG698U2Mvo 4


https://www.youtube.com/watch?v=vJG698U2Mvo

BHUMAHUE

- Mbl genaem cakkaobl, NPUYEM 3TO TOXKe He BCerga NOMOraeT:

A typical saccade trace

Attentional Spotlight Foveal Spotiight

Foveal vs Attentional Spotlights: Convergence

Foveal Spotlight

Attentional Spotiight “Ji8

Foveal vs Attentional Spotlights: Divergence

Nnv BOT He COBCEM 3pUTeNbHbIN NpUMep:

§ 445. Bunws XIV. Jucuya, npecandyeras sasuens, #azo-
dumea oms selo wa pascmosnie 60 en ckawsom; oW dwaaems
O cxauxges o5 mo GPEMA, 65 KOMOPOS JaAus Owaaems G sedu-

7

wuk@ Hee 3 CRQUKOGE 3aUYA PAGHA BEX

Crpatinn cravaes: comageny sasys, umoli danams .wcuuy? :




FOVEAL GLIMPSES

- B HempoceTn Mbl TOXe XOTUM OCO3HAHHO MOHUMATb, «HA UTO»
CMOTPETb.
- OpgHa 13 nepsbix pabor (Larochelle, Hinton, 2010):

Periphery (low-resolution)
\, o Retinal transformation

(reconstruction from X ;) ©O0000000000) h

2(i3. j3)

(6/6/00))(¢] 10/0[0)

Fovea (high-resolution) X3

- MbITAtOTCA MOAENMPOBATb NONOXKEHUA (DUKCALUN U CTPOUTb
nocnefoBaTenbHOCTb Npy nomoLwm RBM.

-+ [locnenoBaTenbHOCTb — 3HAYWT...



PEKYPPEHTHbIE MOAENWN
3PUTE/TIbHOIO BHUMAHNA



RECURRENT VISUAL ATTENTION

- Mo-HacToawemy Bcé noasunocs B (Mnih et al, 2014), «Recurrent
Models of Visual Attention»:
- 13 npeabigywiero h, ; 1 nonoxeHus £, ANs HOBOTO «B3rnafa» f,
fenaer g,, BXoA4 ANA wara t;
- u3h, | ng, PyHkunen f, nonyyaerca hy;
* U3 Hero - «genctsme» a, = f,(h,) 1 NONOXeHWe CneayoLlero
«s3rmnapga» £,., = f,(h,).




RECURRENT VISUAL ATTENTION

- [laBanTe pazbepemca B moaenn opmManbHo:

8t :fg(xt?lt—l;eg)7
hy =f,(h,_1,80)),
1, ~p(- | fi(hy; 0)),
a, ~p(- | fo(hy; 6,)).

- Mocne oyepefHOro AeNCTBUSA NONYYAETCH HOBOE HabofeH e
X,,1 W Harpaga r,, Kotopas 6yeT ckopee BCero B KoHLe, nocne
BCEX LUAroB, 3a NMpaBUbHYI0 KnaccudukaLumio.

+ YTO 3TO HAaNOMKWHAET?..



RECURRENT VISUAL ATTENTION

- ..0 Aa, 3To reinforcement learning!

- BblyuuTb Hago ctoxactuyeckyto crpateruto m((1,, a,) | s1.4;0),
KOTOpasa no uctopuu 6yaeT BblAaBaTh CleaytoLiee JencTBre.

- Y Hac 7 3agaéetcd yepe3 RNN, a onTMMM3NpOBaThb HaJ0

T
J(Q) = [EP(Sl:T§€) [R] = [EP(SLT§9) [Z Tt‘| !
t=1

- BbIMSIAUT OYeHb COXHO — OXXUAaHKe No NoCneaoBaTeIbHOCTAM
[enCTBUI, T.e. MO NPOCTPAHCTBY 6OMbLLIOW PA3MEPHOCTW.

- Ho ecTb meToAbl — JaBanTe caenaem preview TOMy, YTO NOTOM
6yneT B reinforcement learning.



RECURRENT VISUAL ATTENTION

- (Williams, 1992): anroputm REINFORCE, B KOTOPOM [0Ka3blBAETCA
N MCMONb3YeTCst BbIBOPOUHAA OLEHKA 3TOr0 oXuaaHua. [laBanTe
BblBeeM, a NOTOM MPUMEHUM K Hallemy cyyato...

+ Ham Hago onTMMM3npoBaTtb

I 1 MT o
J(0) = [ETNTK‘,) [5 rt(stvat)‘| & M § § T(Stz »atz J;
t=1 i

rAe Mbl B3Ny M NprmMepoB TPAeKTOPUN 7.
- Onpegenum r(r) = >, 7(sy, a;). Toraa

J(0) =E, . [r(7)] = / ro(r)r(r)dr,

T.e. TOT CaMbl CTPALLHbIN UHTErPan Mo TPAEKTOPUAM.
- Ho oka3blBaeTCs, YTO MOXHO NpoanddepeHLUMpoBaTh No 6...



RECURRENT VISUAL ATTENTION

- MpoandepeHunpyem no 6

= [E’TN’TTH(’T> [vﬁ IOg WH(T)T<T)]

1 & .
oV Z Vylog my(70)r® (1),
=1

ecnu npubnu3nTb BbIGOPKOW; HO CHavana AasBanTe eLle
MOCMOTPUM Ha y(T)...



RECURRENT VISUAL ATTENTION

- BepodATHOCTb onpegensercd Kak

T
mo(T) = p(s1) Hﬂe(at | 50)P(Sp41 | S45a0)-
t=1

- bepém norapudm, a NOTOM 3aMeTUM, YTO OT 6 3aBUCAT TONTbKO

LencTeus:
Vylogmy(r) =
T T
=V (10gp(81) + ) logmy(ay | s,) + ZIng<8t+1 | St7at)> =
t=1 t=1

T
=Y Vylogmy(a, | 5,).

t=1



RECURRENT VISUAL ATTENTION

+ WToro nonyyaertca BnonHe tractable rpagneHT:

=1
| M T o
b E (T E plogmy(al? | sy,
=1 =1

- Y Hac TOXe MOXHO CUMUTATb, UTO Harpaga R AAETca LeNnKom:

1 MT o ‘
= Mzzvelogwop,ay) |s(1:>t;0> RO,

i=1 t=1

T
VG‘](Q) = [ETNTFQ(T) l ZVG log 7T9(at | St)‘|

- T.e. Hafo ymeTb cunTaTh logm (1@,@5“ | s(fi,e) HO B cnyyae RNN
3TO NPOCTO FPAAMEHT CETU, KOTOPbIA MOXHO MOCYMTATL Yepes
backpropagation.

- EWwe MoxHo caenaTb 4acTuyHo supervised loss Ha nocnegHem
ware, rae Mbl 3Haem Knaccuukaumio. /



RECURRENT VISUAL ATTENTION

- Pesynbrarthbl:

HENE

(a) Translated MNIST inputs. (b) Cluttered Translated MNIST inputs.
(a) 28x28 MNIST (b) 60x60 Translated MNIST

Model Error Model Error
FC, 2 layers (236 hiddens each)  1.69%  —g=—57, <o e o hiddens cach) 6.42%
Convolutional, 2 layers 1.21% .

N FC, 2 layers (256 hiddens each) 2.63%
RAM, 2 glimpses, 8 x 8, 1 scale  3.79% Convolutional, 2 layers 1.62%
RAM, 3 glimpses, 8 x 8, 1 scale 1.51% 2 &8y e

RAM, 4 glimpses, 12 x 12, 3 scales  1.54%
RAM, 6 glimpses, 12 x 12, 3 scales 1.22%
RAM, 8 glimpses, 12 x 12, 3 scales 1.2%

RAM, 4 glimpses, 8 x 8, 1 scale 1.54%
RAM, 5 glimpses, 8 x 8, 1 scale  1.34%
RAM, 6 glimpses, 8 x 8, 1 scale 1.12%
RAM, 7 glimpses, 8 x 8, 1 scale 1.07%



RECURRENT VISUAL ATTENTION

Pe3ynbTaThl:

(a) 60x60 Cluttered Translated MNIST

(b) 100x100 Cluttered Translated MNIST

Model Error Model Error
FC, 2 layers (64 hiddens each) 28.58% .

X Convolutional, 2 layers 14.35%
FC, 2 layers (256 hiddens each) 11.96% RAM. 4 oli 12 x 12. 4 scal 941%
Convolutional, 2 layers 8.09% » 4 g IMpSes, » 4 Sca es T

RAM, 6 glimpses, 12 x 12, 4 scales 8.31%
RAM, 8 glimpses, 12 x 12, 4 scales 8.11%
RAM, 8 random glimpses 28.4%

RAM, 4 glimpses, 12 x 12, 3 scales 4.96%
RAM, 6 glimpses, 12 x 12, 3 scales 4.08%
RAM, 8 glimpses, 12 x 12, 3 scales 4.04%
RAM, 8 random glimpses 14.4%

+ A BOT KaK BHUMaHMe TynaeT no KapTUHKe:

2 -II




RECURRENT VISUAL ATTENTION

- B cnepytowein pabote (Ba et al,, 2015) caenanu rmy6oKyio Moaenb:

i iz I3
emission
context /l\ /‘[\
Lo r(()2) riz) 'réz)
Teoarse

glimpse

- 45
(z1,11) (2,12 (w3,13) (Tn,1n)

- KcTatn, obyvanu no-gpyromy, BapuauMoHHbIMK MeTogamu. Kak
3TO?..



RECURRENT VISUAL ATTENTION

-+ Ham Hy)kHO Knaccuuunposats, T.e. p(y | x,6)
MaKCMMU3POBATb.

- MapruHanusyem no nonoxexuam glimpses:

logp(y | x,0) =log » p(l|x,0)p(y | 1,%,0).
l

- 3anuiem BapmaLnoHHYIO HUXKHIOK OLEHKY CBOBOLHON IHEPTUM
(kak eé nonyunTb?):

log» p(l|x,0)p(y [ 1,x,0) > > p(l | x,0)logp(y,! | x,0) + H[l]
l l

= " p(l|x,0)logp(y | 1,x,6).
l



RECURRENT VISUAL ATTENTION

- /I Tenepb MOXHO 6paTb MPON3BOAHbIE:

oJ dlogp(y | 1,x,0) Ip(l]x,0)
0= Zp(l | %,6)——5g—— + ;logp(y | 4,%,0) =57

- Dol | o) Slopall | 256)
= 001 %,0) | B s togyy |13, TEEEE

- A 3Ty cymmy yke byaem Npubnuxatb BbiI6OPKON:

+logp(y | 11V, x,6)

aJ 1 i dlogp(y | 1V, x,6)
20 ~ M a0

g=il

dlogp(i™ | x,6)
ol ’

rme 19 ~p(l, |x,0)=N(,]|1,,%).

- W 3T0 y)Ke anropuTm: camnnupyem glimpses, NOTOM 1Crnonb3yem
nx B backpropagation.

- Kak 1 8 (Mnih et al., 2014), Hago 6bl yMEHbLWWTb JUCTEepCUIo; 418
3TOro BbluUTatoT baseline, noka He Byaem yrnybnaTbes.



RECURRENT VISUAL ATTENTION

- Mony4ynnca nHTepecHbIn pesynbTaT — Mbl YBUAEAN, YTO
NPUMEPHO OAUH W TOT XXe aJITOPUTM MOXET MONYYNTLCA C ABYX
Pa3HbIX CTOPOH:

-+ 13 06y4yeHuns c nogkpenneHnem yepes REINFORCE;
13 BapvaLMOHHOW OLEHKM COBCTBEHHO LIeneBon yHKLUN.

-+ BaxkHbI runepnapameTp — pa3mep glimpse, T.e. Kak NepeBoanTb
eAVNHWLbl U3MEPEHNIN B cucTeme KoopanHaT glimpses B nukcenu.

- To e camoe Nerko pacWwupuTb Ha NOCNef0BATENbHYIO
KnaccnurKaumio HeCKONbKNX 06EKTOB — MPOCTO
dukcmpoBaHHoe Yncno glimpses Ha 06bEKT, MOTOM
Knaccuuumnpyem, NoC TEpMUHaANbHOE eNCTBME B KOHLE
BCEro.



RECURRENT VISUAL ATTENTION

- BOT kak 370 paboTaeT Ha pacno3HaBaHWM ABYX LUQp:

vu\: v@‘ \( ¥ \
o' o o '
¢ N = . g g g
‘LLH ‘l.{g E n@ %

- Tto6OMNbITHO, UTO HA COXEHWUY NO-APYroMy:

6 ] £
E




MALLWHHbBIV MEPEBOA:
ENCODER-DECODER
N BHUMAHWE




MALLMHHbIA NEPEBOA

- [lepeBof — 04YeHb XopoLllad 3agaya:
+ 0YEBUAHO OYeHb NMpaKTUYeckas;
+ 0YEBUAHO OYEHb BbICOKOYPOBHEBas, TPebYeT MOHUMaHKS;
- CUNTAEeTCH AOBOMbHO HEMNOXO KBaHTUdUUMpyemoi (BLEU, TER —
XOTS CM. BbiLUe);
© UMeeT 6oNblne AOCTYNHbIe AaTAaCeTbl NapanienbHbix NepPeBOAOB.



MALLMHHbIA NEPEBOA

- CTaTUCTUYECKNI MaLUMHHbIA nepeBof (statistical machine
translation, SMT): Mofenvipyem yCnoBHyto BepOSTHOCTb p(y | @)
nepesofa y Npw yCNOBUM UCXOAHOTO TEKCTA .

- Knaccnyeckun SMT: mogenupyem log p(y | ) nuHenHown
KOMOUHaUMen NpU3HaKoB, CTPOUM MPU3HAKM.

Source Source Source
sentence sentence sentence
SMT
Neural SMT

network Neural
network
@ Neural

network
Target Target
sentence sentence

Target
sentence




MALLMHHbIA NEPEBOA

- Ham 60nblie WHTePeCcHO MoAeNMpoBaHmue
sequence-to-sequence:
- RNN ecTecTtBeHHbIM o6pa30M mogenunpyet nocnegoBaTe/lbHOCTb

X = (xy,29,....,27p) KAK D(zy), (25 | ), ..\
p(xr | 2op) =pxg | Tp_y, ..., 21), U TENEPb p(X) — 3TO NPOCTO

p(X) = p(x)p(xy | 21) o (g, | ) o P(@p | Top);

+ Tak RNN 1 B A3bIKOBbIX MOLeNAX NCNOMNb3YyHTCH;
+ NpeackasbiBaem criegytollee C10BO Ha OCHOBE CKPbITOro
COCTOAHMA W NpeablayLlero cnosa;

-+ Kak npuUMeHuUTb 3Ty uaeto K nepesoay?



METPUKWN KAYECTBA /11 SEQUENCE-TO-SEQUENCE MOJE/NEN

- [Janblue 6ygeT camoe MHTepecHoe: MallVHHbIK NepeBoa,
ANanorosble MOAenu, OTBET Ha BOMPOCHI.
- Ho kak mbl 6yaem oueHnsatb NLP-moaenu, KOTopble reHepupyoT
TeKCT?
- ECTb MeTpuKkn KauecTBa, KOTOpPble CPAaBHMUBAKT Pe3ynbTtaT C
NnpaBUIbHbIMY OTBETAMMU:
- BLEU (Bilingual Evaluation Understudy): nepes3selleHHas
precision (B Tu. 415 HECKONbKNX NPABUbHbIX OTBETOB);
- METEOR: rapmoHuyeckoe cpefiHee precision v recall no
YHUrpaMmam;
- TER (Translation Edit Rate): uncno ucnpaBneHnin Mexay BbiXogom
1 NPaBUbHbIM OTBETOM, AIeNIEHHOE Ha CpefiHee YNCo COoB;
- LEPOR: KOMbUHMpYyem 6a30Bble JakTOpbl U METPUKM C
HacTpanBaembiMy NapameTpamu.
- ECTb ellé Kyya MeTpuk, CBSA3aHHbIX C NPeACTaBNEHUSMU CNOB U
npeanoxeHnin (xoTum No6AMKeE K NPaBUIbHOMY OTBETY).
- OfgHa ToAbKO Npobnema...



METPUKWN KAYECTBA /11 SEQUENCE-TO-SEQUENCE MOJE/NEN

- ...BCE 370 BOOOLIE He paboTaeT.

Twitter Ubuntu
Metric Spearman p-value | Pearson p-value | Spearman p-value | Pearson p-value
Greedy 02119 0.034 | 0.1994  0.047 0.05276 0.6 0.02049 0.84
Average 0.2259 0.024 | 0.1971 0.049 -0.1387 0.17 -0.1631 0.10
Extrema 0.2103 0.036 0.1842  0.067 0.09243 036 | -0.002903 098
METEOR 0.1887 0.06 0.1927  0.055 0.06314 0.53 0.1419 0.16
BLEU-1 0.1665 0.098 0.1288 0.2 -0.02552 0.8 0.01929 0.85
BLEU-2 0.3576 < 0.01 0.3874 < 0.01 0.03819 0.71 0.0586 0.56
BLEU-3 0.3423 <001 | 0.1443 0.15 0.0878 0.38 0.1116 0.27
BLEU-4 0.3417 <001 | 0.1392 0.17 0.1218 0.23 0.1132 0.26
ROUGE 0.1235 022 | 0.09714 034 0.05405  0.5933 | 0.06401 0.53
Human 0.9476 < 0.01 1.0 0.0 0.9550 < 0.01 1.0 0.0

Table 3: Correlation between each metric and human judgements for each response. Correlations shown in
the human row result from randomly dividing human judges into two groups.

+ TyT HY)KHO YTO-TO HOBOE. / MOKa He COBCEM SICHO, YTO MMEHHO.

1



ENCODER-DECODER APXUTEKTYPbI

- Encoder-decoder apxutektypbl (Sutskever et al., 2014; Cho et al.,
2014):;

" Encoder

f

- CHayana Koaupyem, NoTom Aekoampyem 06paTHO.



ENCODER-DECODER APXUTEKTYPbI

- Tak e MOXeT paboTaTb 1 C MEPEBOAOM.

Awesome sauce
Y1 Y2

(o000 (0000

- Mpobnema: Haao OKMMaTb BCE npegnoxeHume B OAUH BEKTOP.

- C ANVIHHBIMKW y4aCcTKaMM TEKCTA 3TO BOOOLIE NepecTaeT paboTats.



BHUMAHWE B HEVMPOHHbIX CETSIX

- PeweHve: naBante 06y4nm crneumanbHblie BECa, MOKa3bliBAKLWINE,
HACKO/MbKO Ta UM MHAs YaCTb BXOAA BaXHa AN Tekyllero
BbIX0Aa.

- MpsaMoe NnpumeHeHne — AByHanNpasneHHbin LSTM natoc
BHMMaHve (Bahdanau et al. 2014):

Encoder

13



BHUMAHWE B HEVMPOHHbIX CETSIX

- Msekoe sHumaHue (soft attention) (Luong et al. 2015a; 2015b;
Jean et al. 2015):
- encoder - gByHanpaBneHHas RNN, ecTb 06a KOHTEKCTa;
* CETb BHMMaAHWA Bbl,ﬂaéT OLUeHKY peieBaHTHOCTWU — Ha[o Nin
nepeBoANTb 3TO C/IOBO MPAMO ceryac?

gider
®
@

13



BHUMAHWE B HEVMPOHHbIX CETSIX

. CDoprvlaano O4YeHb NPOCTO: CYNTaeM BeCa BHMMaHUA Qyj n
nepes3BellBaeM BeKTOPbl KOHTEKCTOB:

€15 = a(z4-1,7) Qi = softmax(etj; €i)s

€t = Zatjhj’ nTenepb z, = f(s;_1,Ys—1,¢)-
J

Encoder

13



BHUMAHUE B HEMPOHHbIX CETAX

- B pesynbrate MOXXHO BM3yanu3npoBaTb, Ha YTO CMOTPUT CETb:

< el

o c

=1 5] 0o ®Y

s €Ew [} o5
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<end>



BHUMAHWE B HEVMPOHHbIX CETSIX

- [lonyyaeTca ropasgo nyyile nopagok Cnos:

recent years

Economic growth has slowed down in

Das Wirtschaftswachstum hat sich in den letzten Jahren verlangsamt
Economic growth has slowed down in recent years .

|
La croissance économique s' est ralentie ces derniéres années .

13



BHUMAHUE B HEMPOHHbIX CETAX

- [pyras Heobbl4Haa paboTta — «Grammar as a Foreign Language»
(Vinyals et al,, 2015)

AN [P AN [
oT NN N e e T0 NP or NN N s T0 NP
[y e I A A [y |
he yild on BT NN NN to CD NN from D NN | [The yild on OT NN NN to CD NN from CD NN
I | [ [ (. | [ [
the benchmark issue 0 % 5 % the benchmark issue 0 % 5 %
ROOT RooT
| |
s s
NP VP NP P
[ i
NP PP VD PP PP NP PP VeD PP PP
AN [ AN [P
o1 NN N e e 10 NP IN o1 NN N e w0 NP N NP

NP
[y I A [y et A
he yidd on BT NN NN to CD NN F NN | [he yid on OT NN NN to CO NN from CO
[ | [ |
%

|
rom

| |

the benchmark issue 10 % the benchmark issue 0 % 5 %




GOOGLE TRANSLATE

- CeHT6pb 2016: Wu et al., Google’s Neural Machine Translation

System: Bridging the Gap between Human and Machine

Translation:

- KaK Ha camom aene pabotaet Google Translate;

- 6a30Ban apxuUTeKTypa Ta e camasn: encoder, decoder, attention;

- RNN rny6okue, no 8 yposHen B encoder n decoder:

8

GPUB

layers

GPU3

GPU2

GPU2

GPU1

Encoder LSTMs

S

1

— Attention \

SR T g

g e
e

-

—_— /o>
o

.- Detoder LSTMS ~ _

4+ —>
Y —

<ls> —» y, —>

>

GPUB

GPU3

GPU2

GPU1

14



GOOGLE TRANSLATE

- CeHT6pb 2016: Wu et al., Google’s Neural Machine Translation
System: Bridging the Gap between Human and Machine
Translation:

- npocto stacked LSTM nepectatoT paboTath fanee 4-5 ypoBHeu;
+ MO3TOMY A06ABNSAIOT OCTAaTOUHbIe CBA3M, KaK B ResNet:

+ + +
4 ! 2y

LSTM, LSTM, LSTM,
® ® ®
+ + +
p.L) p.2 y.43
(st —{ st —{ LsTM —{ ) ({rstm }—{{rsm, }—{fsi, }—{ )

® ® @

14



GOOGLE TRANSLATE

- CeHT6pb 2016: Wu et al., Google’s Neural Machine Translation
System: Bridging the Gap between Human and Machine
Translation:

* HWKXHUWN YPOBEHb, ECTECTBEHHO, 1BYHANPABAEHHbIN:

(L™, }—{ 5TV }—{ sty —{ )
1 1 1

Bidirectional ™,
Bottom Layer ¢

14



GOOGLE TRANSLATE

- CeHTn6pb 2016: Wu et al., Google’s Neural Machine Translation
System: Bridging the Gap between Human and Machine
Translation:

- B GNMT ewe aBe naen o cerMeHTaLmnm cnos:

- wordpiece model: pa36utb coBa Ha Kycouku (0TaenbHO
MOJENblO); MPUMEP W3 CTaTby:

Jet makers feud over seat width with big orders at stake
npeBpallaeTca B
_J et _makers _fe ud _over _seat _width _with _big _orders _at _stake

+ mixed word/character model: KOHBEPTMPOBATbL CI0BA, HE
nonafatmlune B CnoBapb, B MOCAEA0BATENbHOCTb BYKB-TOKEHOB;
npumep 13 cTaTbu:

Miki npeBpauwaercs B <B>M <M>i <M>k <E>i
14



TEACHING MACHINES TO READ

- (Hermann et al,, 2015): «Teaching machines to read and
comprehend» (Google DeepMind)

- MpegnaratoT HOBbIV CNOCO6 NOCTPOUTL AaTACeT ANS MOHMMAHUS,
aBTOMaTUYeCKN co3aaBas Tponku (context, query, answer) u3
TEKCTOB HOBOCTEW U T.M.

Original Version

Anonymised Version

Context
The BBC producer allegedly struck by Jeremy
Clarkson will not press charges against the “Top
Gear” host, his lawyer said Friday. Clarkson, who
hosted one of the most-watched television shows
in the world, was dropped by the BBC Wednesday
after an internal investigation by the British broad-

caster found he had subjected producer Oisin Tymon

“to an unprovoked physical and verbal attack.” ...

the ent381 producer allegedly struck by ent212 will
not press charges against the ““ ent/53 ” host , his
lawyer said friday . ent212 , who hosted one of the
most - watched television shows in the world , was
dropped by the enr381 wednesday after an internal
investigation by the ent!80 broadcaster found he
had subjected producer ent193 “ to an unprovoked
physical and verbal attack . ” ...

Query
Producer X will not press charges against Jeremy
Clarkson, his lawyer says.

producer X will not press charges against ent212 ,
his lawyer says .

Answer
Oisin Tymon

ent193

15



TEACHING MACHINES TO READ

- basoBasi mofenb — rny6okum LSTM:

AR EED.
-

X visited England ||| Mary went to England

- Ho Tak, KOHEUYHO, COBCEeM MMOX0 paboTaer.

15



TEACHING MACHINES TO READ

- Attentive Reader: o6yyaemcs, Ha Kakyto 4acTb JOKYMEHTa

CMOTPETb

s(4)y(4
s(y(1 s(z)yzz)f S(GMS) s(4)y(4)

H E’

went to England visited England

15



TEACHING MACHINES TO READ

- Impatient Reader: Mo)XxemM NepeumnTbiBaTb HYXXHble YaCTy
JOKYMEHTa Mo Mepe NpoyTeHus 3anpoca

Mary went to England X visited England

15



TEACHING MACHINES TO READ

- TlonyyarTcsa pasymHble KapTbl BHUMAHUS:

by ent423 ,ent261 correspondent updated 9:49 pmet , thu
march 19,2015 (ent261) aent114 was killedina parachute
accidentinent45 ,ent85 ;nearent312 ,aent119 official told
ent261onwednesday . he was identifiedthursday as
special warfare operator 3rd d.of ent187,
ent265 . ent23 distinguished himself consistently
throughout his career .he was the epitome of the quiet
professionalinall facets of his life ,andhe leaves an

inspiring legacy of naturaltenacity andfocused

by ent270 ,ent223 updated 9:35 amet ,monmarch2,2015
(en.ﬁ familial for fall at its fashion show in
ent231onsunday ,dedicating its collectionto " mamma"
with nary apair of > momjeans "insight .ent164 andent21,
who are behindthe ent196 brand ,sent models down the
runway indecidedly feminine dresses and skirts adorned
with roses , lace and even embroidered doodles by the
designers 'own nieces and nephews .many of the looks

featured saccharine needlework phrases like " ilove you,

ent119 identifies deceased sailor as X ,who leaves behind

awife

X dedicated their fall fashion show to moms

15



SHOW, ATTEND, AND TELL

- Tenepb faBaunTe MNpPo nNoANnCKN K KapTUHKaM.

- CHauana 6bino «Show and Tell» (Vinyals et al,, 2015):

Vision Language A grou_p of peopla
Deep CNN  Generating| |Shopping at an
RNN outdoor market.

i Q There are many
vegetables at the
fruit stand.

16



SHOW, ATTEND, AND TELL

- [10BONbHO NPAMONUHENHAa apxXnuTeKTypa:
- uenesas yHKUMA — 3TO NPOCTO Z(LS) logp(S | I;6), roe I -
KapTUHKA, S — onuncaHue;
- packnagbiBaem un mogenunpyem p(S, | 1,5y, ..., S, 1) peKyppeHTHon

CeTbt C LSTM;
- a CNN ncnonb3yem, 4tobbl M3BAEYD MPU3HAKM.

[togpitsn ] [logpasy | [togpnts |

I

16



SHOW, ATTEND, AND TELL

HOﬂyqaﬂOCb XOPOLWO, HO MOXHO Nnyyule:

A person riding a
‘motorcycle on a dirt road.

Two dogs play in the grass. A skateboarder doos a trick

Two hockey players are

A group of young people
in fighting over the puck.

v oo s iy 140

A red motorcycle parked on the
ide of ti To—

A dog is jumping to catch a
frisbee. o

A refrigerator filled with lots of
food and drinks.

A yellow school bus parked
—====sin a parking lot.

16



SHOW, ATTEND, AND TELL

- U3 3t10oro nosasunoch «Show, Attend, and Tell» (Xu et al,, 2015)

14x14 Feature Map

. - body
"l

water
l.Ilnput 2. Convolutional 3, RNN with attention 4. Word by
Image Feature Extraction over the image word
generationJ
A

16



SHOW, ATTEND, AND TELL

- Soft attention vs. hard attention (cToxacTuuecku BbiGrpaem
O[HO3HAYHbIN KYCOK KAPTUHKN).

el BIEE
FERNEERNR

flying over water

- Soft attention - CTPOMM aHHOTAUWIO C BeCamu

I
o({a};, {o;}) = Z Oy ;8.
i=1

16



SHOW, ATTEND, AND TELL

- Hard attention obyyaeTca Makcmm3aumen BapraunoHHoOM
HVKHEW OLEeHKN

Ly=Y p(s|a)logp(y | s,a) <log ) p(s|a)p(y|s,a)=logp(y|a).

- OT L, MOXHO 6paTb NPON3BOAHbIE:

aLs _ 510gp(y | Sva) alogp(s ‘ a)
o = 2pls @) |21 rogpy | ) ZERE L)

-l panblue CAIMNANPYEM s, C BEPOSITHOCTAMU cv; U NPUBAVKAEM
OXUWaaHue BbI6OPKON.

- OnAaTb Te Xe TProKuK, BbiunTaem baseline, BCE Takoe.

16



SHOW, ATTEND, AND TELL

+ YacTo nonyyvatoTcs OUeHb Xopoline pesynbraThl:

iz b *

A woman is throwing a frisbee in a park. A dog is standing on a hardwood floor. A stop sign is on a road with a
mountain in the background.,
A little girl sitting on a bed with A group of people sitting on a boat A giraffe standing in a forest with
a teddy bear. in the water, trees in the background.

+ A KOrga naoxue, MOXXHO MOCMOTPETb MOYeMy.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl - hard attention:

I
]

(a) A man and a woman playing frisbee in a field.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl — soft attention:

woman(0.54),

throwing(0.33), frisbee(0.37)

£0.33)

(b) A woman is throwing a frisbee in a park.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl - hard attention:

standing,

(a) A giraffe standing in the field with trees.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl - soft attention:

large(0.49), white(0.40)

bird(0.35), standing(0.29)

e

(b) A large white bird standing in a forest.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl - hard attention:

oman,

.

(a) A woman is holding a donut in his hand.

16



SHOW, ATTEND, AND TELL

- Mpumepsbl - soft attention:

woman(0.80) holding(0.68)

™

a(0.58) clock(0.62) in(0.45), her(0.39)

|

hand(0.64)

(b) A woman holding a clock in her hand. 10



CAMOBHUMAHUE




TRANSFORMER

+ Mbl 3yyanu nepeBo Ha PEKYPPEHTHbIX CETAX U AOWN 4O
apxuTekTypbl Google NMT

- Ho B 2017 roay 0Ka3anocb, YTO BCE MOXET ObITb eLlé NpoLLe 1
NHTEpecHee

- Google: «Attention is all you need» (Vaswani et al., 2017)

- OcHOBHaa uaes - self-attention; okasbiBaeTca O4eHb
NNoA0TBOPHOWM ANS1 BCEBO3MOXHbIX Seg2seq 3aJau

- [naBHaa MoTUBaLMA — NONPO6OBATb BCE-TaKW YUTU OT
KOAMPOBAHWS BEKTOPOM MOCTOSAHHOW A/UHbI



TRANSFORMER

O6llas cxema:

Output
Probabilities

Stage5 !
Linear :
(Add & Norm | Stage 4 |
|
{ (i Stage 3 |
Stage 3 Add & Nom ) | | tage 3 |
H Multi-Head H
Feed B Attention :
Forward H Nx ;
.................. ot M Stage 2 |
Stage 2 Nx : ge 2!
g Add & Norm ] | Viasked :
Multi-Head | |4 Multi-Head :
Attention H Attention :
X ! :
Stage 1 Positional i Positional Stage 1
Encoding . Encoding :
Input : Output '
Embedding H Embedding H
T o T :

Inputs Outputs

(shifted right)

Tenepb noapobHee... 18



TRANSFORMER

- CyTb, KaK 1 paHble, - encoder-decoder:

begins

S e SO SO e SO O R S S — \

[ Encoder layer } —v—{ Decoder layer } i
bttt t bt :

: [ Encoder layer ] ! —O{ Decoder layer } E
A T R R (- ;
' { Encoder layer ] E —E—O[ Decoder layer } E
' bttt t ; A N ;
: { Encoder layer ] E —:—0[ Decoder layer } E
; bttt t : R N !
E 5 { Encoder layer ] ! —0[ Decoder layer J EE
O T B B I ftof
:‘“-' [ |j E}En odijlayeﬁ E} ] IE \—‘—O[ G i} Decomder layer J C‘j

Pt P .

Les sanglots longs des violons When a sighing



TRANSFORMER

- B kaxgom cnoe - cnow self-attention, a notom feedforward layer,
KOTOPbIV HE3ABUCUMO MPUMEHSAETCS K KaXA0W no3nuum Bxoga. Y
Jekofepa ellé ecTb attention mexay HUMU:

DECODER ?

Feed Forward )
ENCODER Y

1 4

( Feed Forward J [ Encoder-Decoder Attention J
[} 7'y

[ Self-Attention ] [ Self-Attention )
T

f




TRANSFORMER

- CnoBa, ecTecTBeHHO, NpeacTaBnatoTca Bektopamu, B feedforward

cnoe BCE napannenbHo:

| I I I I { Softmax —/
t ot t t
[ J Encoder; Linear
1 f f ¥ ¥ outputs t 1 1
t4 ) T t 4
T T
Layer normallzatlon Layer nnrmallzatmn
e (e | [er | [re [ 1 FF ‘ [P i ‘ FF
t
‘g 7y 2 ‘ ‘ L Layer nnrmallzatmn ]
) L L L L z
st totot ! ! Sl
§ Layer normalization ;{ Encoder-decoder attention layer } g
[ R R N t i T S S S— S -]
- - [ [ ‘ ;ﬂ [ T [E— T
L L L Layer normalization ina
L B S B [} [}
L Self-attention layer 1 Masked self-attention layer ]
1

[

A1)

1y~ e~ 1~ o~

PR [ I T T

e



SELF-ATTENTION

- Y1066l NOHATL CaMoBHUMaHMe (self-attention), HAUHEM C
nHhopmaLroHHoro nowucka (information retrieval)

@ Results Results
2 q4: cat playing with a ball qa: cat playing soccer
] d ~<
<1 1 | sl

P —— dy —_—

Query ds ‘ Query ‘
encoder encoder
— 7/
-
/
V'
Latent
space
. . .
Document ‘ Document ‘ Document
encoder encoder encoder

[Z3
€
o
E
S
2
o
a
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SELF-ATTENTION

- 3anpochl U AOKYMEHTbl OTOGPaXKatoTCca B OJHO 1 TO e
NaTeHTHOE NPOCTPAHCTBO (HO Pa3HbIMU KOAUPOBLIMKAMK — 3TO
MOTYT 6bITb BOOB6LLE 06BEKTbI PA3HON MPUPOLbI)

- 3anpoc uaeT yepes query encoder
- [JoKyMeHTbI (Ha MNMCTPALMN 3TO KAPTUHKI) — Yepes Apyron
encoder, HO B TO & NPOCTPaHCTBO

+ YTO6bl HANTW Camble pefleBaHTHbIe JOKYMEHTbI, Mbl ULIEM
6AMKANLLINX CoCeler B NAaTEHTHOM NMPOCTPAHCTBe Cpeau
JNOKYMEHTOB; 4acTo NpeanonaratoT, UTo NaTeHTHoe
NPOCTPAHCTBO NIMHENHO, 1 PACCTOAHWE TaM — 3TO MPOCTO
ckanapHoe npousseneHne dist(q,d) = Enc,(¢)"Ency(d).

19



SELF-ATTENTION

+ B camOBHMUMaHWN 3Ta MHTYNLNA NCMOMb3YEeTCA OUeHb
abctpakTHo. Cnow mofyyYaeT Ha BXod NOCNef0oBaTenbHOCTb
BEKTOPOB X;, X, ..., X7, T.€. MaTpny X € R,

- 3anpochl, KoUK 1 AOKYMEHTbI 6epyTCa U3 Camux x;:

- YMHOXas X, HA MaTpuuy BecoB W%, Mbl Monydaem BeKTOp
3anpoca q, = W®x,; 06paTute BHUMAHUE, YTO PA3MEPHOCTb ¢
BEKTOPOB 3arnpocos, q; € R7, MOxXeT oTnuathest (06bIUHO MeHbLUE)
OT BXOAIHOW pasmepHoCTM d, x; € RY

- YMHOXas x, Ha MaTpuuy Becos WX, Mbl nonyyaem BekTopbl
knoyel k, = WEx, nna i =1, ..., L; NOCKONbKY Mbl XOTUM, YTOGbI
3anpochl ¥ KIUYM HAaXOAWUCb B OAHOM NTATEHTHOM NMPOCTPAHCTBE,
KNMOYM UMEIOT TY Ke Pa3MepPHOCTb, 4TO 1 3anpocsl, k; € R, Taknum
obpaszom WV € R7*¢:

- TpeTbs maTpuua BecoB WV faét BekTopbl 3HadeHul v, = WVx,
ana i =1,..., L; 3T0 Te JOKyMeHMbl, KOTOpble Mbl byaem
«W3BneKaTb» C NOMOLLbo Kntouen k;; (hopmManbHO Mbl UMeeM
APYrYI0 Pa3MepHOCTb v AN 3HaUeHW, v, € R u WV € R¥4; Ha
NPaKTUKe 06bIYHO v = q. 19



SELF-ATTENTION

- 3aTeM Mbl BbIMOMHSAEM MOUCK, BbIYNCIAA OLEHKM BHUMAHUSA KaK
CKansipHble NPOV3BEAEHNA MEXIy 3anpocamut 1 AOKYMEHTaMu

- Hopmanwusyem qiij, AeNs Ha /g, N NONYy4YnTb OLEHKN Yepe3
softmax, uTo6bl MpeobpPa3oBaTh UX B BEPOATHOCTY:

1
;; = softmax (quT) ,
Vi ,
J
rne K € R™*E — 370 Bce KMouun, 06beuHeHHble B MaTpuLy,
K=WEKX.
- 3aTem nCcnonb3yem pesynbrat B KavecTBe KO3 uuneHTos ans
BbIMYKN0W KOMBUHALWW 3HAYeHUU \£F

1
z, = softmax quT) V,
(ﬁl

rne V e R?™*L — 34avuenusa (values), V =WV X.
19



SELF-ATTENTION

- 06LWan CTPYKTypa cios camosHUMaHua (self-attention):

Layer [ ¢ ‘*
[output L z1=2Zay; ) \12

) |

Self-attention for xM

19




SELF-ATTENTION

- 1 310 BCA MHTYMLUUSA! Mbl MOXEM 06bEAVNHUTD BblUMCNEHWNA
KaXoro z; B OAHY POPMYyY B MAaTPUUHOM BUAE:

1
7 = softmax | — KT) V.
(\/(?Q

+ HO 370 TONbKO OAMH CMOCO6 «CMOTPETb» HA BXOAHbIE BEKTOPbI;
TO, UTO Mbl Ccenyac onpeaenunn, — 3To He NOMHbIV CNON
CaMOBHMMAaHW, a TONbKO oaHa 2onosa (self-attention head)

* MOXHO pacnapannenuTb 3T1 BblUMCIeHNs BAONb H pasnnyHbix
ron0B, NCNONb3yA pasHble MaTpuLibl Becos W2, ... WS,
WE WEnwWwY,...W}. 310 MHo2020/1080€ 8HUMAHUE
(multi-head attention)

19



SELF-ATTENTION

- Mocne H napannenbHbiX ro1I0B Mbl MOyYaem MaTpuLbl
BbIXOLOB Zy, Zo, ... , Zy PA3MEPHOCTU v X L, 06befiInHAEM UX BCe

B Zeoncat € REHY 11 nobaBnsem ewe ofgHy maTpuuy Becos

WO e RHEv* y106bI OKaTb pe3ynbrat 06paTHO 40 HEOBXOAUMOM

Pa3MepHOCTH:

T
Z = (ZconcatWO) :

- C nomolwbto WO cnoi caMoBHUMAHWA MOXKET KOMOUHUPOBATb
nNpeacTaBNeHns, NONYYEHHbIe U3 Pa3NUYHbIX FO/TOB BHUMAHWS;
3TO TAKXe BaXKHbIN CMnocob A06ABUTb MTMOKOCTb U
BbIPA3UTENbHOCTb B apXUTEKTYPY.

19



SELF-ATTENTION

+ MHOroros0Boe BHMMaHue:

Zn

Z

]

o
L,%
2t

WO

‘221 é - ZZL‘

Head 1

Head 2

\H

Layer
input

+ JTO camas Ba)kKHAsA YacTb, HO 3TO eLLe He BCe.

19



CnAcupo!

Cnacn60 3a BHMMaHue!

20
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