OBYYEHWE IMYBOKWUX CETEN VI
OBPABOTKA ECTECTBEHHOI'O A3blKA

Cepret HukoneHko

Bbimnenkom, MockBa
14 ntoHs 2017 T.

Random facts:

14 noHA 1964 1. Ha FanTu npoxoaun pedepeHaym; Ha 6lonneTeHax Ans ronocoBaHusa 6bin
yXe 3apaHee HaneyaTaH OTBET «[la» Ha BOMPOC O cornacum ¢ Tem, Yytobbl Oparcya [osanve
CTan NOXM3HEHHbIM NPe3NAEHTOM

14 nioHa 1859 . YeuHs 6bina npucoegmHeHa Kk POCCUACKON Mnepun, n yepes ABa Mecsaua
LWamunnb 6bIn BbIHYXAEH CAATLCA B NNeH; a 14 nioHa 1995 r. LWamunb bacaes 3axeatnn bonee
1600 3aN0XHNKOB B 60MbHULE ByaéHHOBCKA

- 14 MioH$ -- AieHb NamaT Npenofo6Horo AranuTa Meyepckoro, Bpaya 6€3mMesAHoro,
MCLEeNABLIEro TAKEN060/bHbIX MONUTBOM U BAPEHbIM Bbinem



KPATKOE COJEPXXAHWE
NPEAbIAYLLX CEPUN




MALLNHHOE OBYYEHUE KAK Ol n3ALNA

+ B MmawnHHOM o6yqu|/||/| MHOTO pa3HbIX 3a4a4, C yYnTenem un 6es.

- Nx 06bIYHO peLiatoT No Teopeme bareca, nepecynTbiBas Halwu
NpeAcTaBneHns 0 NnapameTpax B 3aBUCUMOCTU OT MOMYyYEeHHbIX
OAHHbIX.

- [1n9 3TOro 06bIYHO HAZ0 ONTUMU3NPOBATH KAKY-HUOYAb
yHKUMIO.

- MawmnHHOoe 0byyYeHne — 3TO Hayka 06 annpoKCUMaLns 1
onTummsauuun gyHkumuin (npasgonogobue, anocTepuopHoe
pacnpeaenexHue, Npocto MYHKLMUA OLWNOKN).

- /1 ana HeBbINyKNbIX PYHKLMI 3TO 06bIYHO AeNaloT Tem Uiu
VHbIM BapUAHTOM 2padueHmMHO020 CycKa.



FPAAVEHTHbIN CNYCK

- [pafMeHTHbIN CNYCK — MaBHbIN U hakTUYeCcKkn eqUHCTBEHHbI
CNoco6 ONTUMK3ALUMN OUYEHD CIOXHbBIX (DYHKL NI

- bepém rpagneHT VE(w), CABUTAEMCA HEMHOXKO, MOBTOPSEM.



MEPLLENTPOH

- MepuyenmpoH: y = h(w'x) = h (Zi wi.r,i> :

h(Ziwixi)

- Pa3Hble HeNMHenHble PYHKLUWN:

20 /
—— AOTUCTUYECKMIA CUTMOMA & //
s —— [UnepBOoAMYECKUIt TAHIEHC tanh //
***** CryneHbka step
----- RelU
10
05
0.0
-0.5
=10
-4 -3 -2 -1 0 1 2 3 4



OBbEAVHAEM NMEPLUEMNTPOHbI B CETb

- CeTb NepLenTPOHOB; BbIXOAbl OAHUX — BXOAbl APYIUX.

- Hornik, 1990: AByX ypOBHEW AOCTATOUYHO ANS NPUBAMKEHUS
no6on yHKLMN.

- ny6okune ceTn achhekTnBHee — distributed representations.

-+ O6blYHO HEVMPOHHbIe CETU OpraHnu30BaHbl B C/10U.

hidden layers

output layer

input layer




COBPEMEHHbIN FPAAVMEHTHbIN CMYCK

- B HEMPOHHOW CETM OYEeHb MHOrO NapameTpPOoB:
- perynapusauns (L., L, oponayr);
- uHnMunanusauua (npenobyueHne 6e3 yunTens, cnydanHas);
- Hopmanu3auna (Mo MUHU-6aTUaM, No YPOBHAM);
- BapuaHTbl rpaaneHTHOro cnycka (MomeHTbl, Hectepos, Adadelta,
Adam).



CBEPTOYHbIE HEMPOHHbIE CETU

- ba3oBbI CBEPTOYHbIN CNON: CBEPTKA, HENUHENHOCTD,

cybanckpeTnsaLus.
Outputs
Fully-connected —
Convolution Neural Network
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‘ l
mmfmx \
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| matent
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1000
128 Max
Max

Max pooling 2948 2048
pooling

pooling




CBEPTOYHbIE HEMPOHHbIE CETU

- VGG: 4OCTaTOYHO 6paTh 3 X 3 CBEPTKMU:

BrOA
2283, T
24 cBepTkM Ton Tpu
3x3x256 cseprki coepTkn
3x3x512 3x3x512
Q“(\/‘
et Max-pooling
ceeP™ B >
N’eg’ ey

- Network in Network, Inception:

(NOAHOCBA3HbIA)

Coeprcn ‘ Inception x5
M K—'—J

Max-pooling

TeperoR
2 CBEPTOYHbIX CAOS)

Konkarenaums
8 rAYBMHY

Creprim ‘ Coeprcn

xS
Caeprku
Ix1

BXOA (BbIXOA NPEABIAYLLETO CAO)

(a) (6)

33
Coeprn | [ Coeprin Max-pooling
Ix1 x1 3x3

Bbixoa cetm

Tou noAHo-
CBA3HbIX CAOA
4096, 4096, 1000



CBEPTOYHbIE HEMPOHHbIE CETU

- ResNet:

Flx)

(a)

®

(e)

- Mnoc gpyrue yenesble dyHKLUUK (Hanpumep, cermeHTaLns):

Proposal Generator Proposal Generator

— bctness
e Clasaicaion

i Z A Box
e (430, ncepton, | .
—_—
i ) T o Cassifar

Feature Extractor I] Huiway
- - s Clasaiicstion

(b) Faster RCNN.




PEKYPPEHTHbIE HEMPOHHBIE CETU

- ECTb pa3Hble BUAbl 33a4, OCHOBAHHbIX Ha

nocnenoBaTe/TIbHOCTAX:
OO @ ® 000 0O
OO O 65 e OO®
(a) (6) () (r) (a)

- “MpocTasn” RNN:




PEKYPPEHTHbIE HEMPOHHBIE CETU
- iByHanpasneHHad RNN:
.L‘ b bh b

ASo ST AS] ST ASQ ST 4:

- [1Be npo6nembl RNN:
- B3pbiBatowmecs rpagnenTsl (exploding gradients);
- 3aTyxatowme rpaguenTsl (vanishing gradients).



PEKYPPEHTHbIE HEMPOHHBIE CETU

- Kapycenb KOHCTAHTHOW OLWNOKK — LSTM:

[T STMewedika T T T T !
11 ®
0T ) e® T
| | |
CH: _______ Wpf forget ° : P
. 7| gate :
| fi o
| | |
I ! i
| \_QWD input :
: T3] gate |
I i L
| cand. i |
e G E“W L
| | state ) H |
! ci |
I ' |
| Wpo ; |
I B output AN
o e
her Ot )I ht




PEKYPPEHTHbIE HEMPOHHBIE CETU

+ MOXHO NbITaTbCs yNpocTuTh — GRU:

(a) (6)



CTPYKTYPA PEKYPPEHTHOW CETU

- MpocTasa seq2seq apxutektypa (Sutskever et al. 2014):

A A ahakahal ok

[ Soffmax ] [ Softmax ] [ Softmax ] [ Softmax ] [ Softmax ] [ Softfmax ] [ Softmax ] [ Soffmax ]
| [ | \ I+ 1%
[ Dense ] |[ Dense ]\ Dense ] ‘ [ Dense ] |[ Dense ] ‘ [ Dense ] |[ Dense ] ‘[ Dense ]
s e s e s e s e s e s P g e
[ Dropout ] |[ Dropout ]‘ [ Dropout ] [ Dropout ] |[ Dropout ] | [ Dropout ] |[ Dropout ] ‘[ Dropout ]
L S D S L S I SR N SE DR SEE B
| LSTM ‘ LSTM [+ LSTM H LSTM HH{ LSTM ‘ LSTM ‘ LSTM H LSTM }-»
| | [ [
0 o
|

@f
o]
O,



CTPYKTYPA PEKYPPEHTHOW CETU

+ MeHee npocrTag:

Dense

Dropout

LSTM

—=

LSTM




OBPABOTKA ECTECTBEHHOTIO A3blKA




MNnAH

- PeBontouma rnybokoro obyvyeHus, KOHEYHO Xe, He ocTanach B
ctopoHe oT NLP.

- DL B NLP Hayanocb CO CTaHAAPTHbIX apXUTEKTYP (RNN, CNN), HO
3aTem 4aCTo MOTUBUPOBASIO HOBbIE APXUTEKTYPbI.

- /X Mbl 1 NOCTapaemcst CerofijHa B OCHOBHOM 00CYX[1aTb.
+ [1lnaH:
(1) 3apaun NLP;
(2) pacnpenenéHHble NpeacTaBneHns cnos;
(3) pacnpenenéHHble NpeAcTaBneHNU KOPOTKUX TEKCTOB 1 MOAENMU,
OCHOBaHHbIE HA CMMBONAX;
(4) coBpemeHHbIit NLP 1 deep learning: HOBble apXnUTEKTYPbI.



3AA0A4YN NLP




3AAAYN NLP

- CMHTaKcuueckme, bonee-meHee XOpowo OﬂpeﬂeﬂéHHble 3adayn:

- yacmepeyHas pasmemka (part-of-speech tagging);

- mopcponoauyeckas ceemeHmauyus (morphological segmentation);

- cmemmuHe (stemming) unu nemmamusayus (lemmatization);

- gbldenieHue epaHuy npednoxeHus (sentence boundary
disambiguation);

- nocnosHasa ceameHmauyus (word segmentation);

- pacno3HasaHue UMeHo8aHHbIx cywHocmet (named entity
recognition);

- paspeweHue cmbiciia cnos (word sense disambiguation);

- CuHmakcuyeckut napcuHe (syntactic parsing);

- paspeweHue kopegepeHyull (coreference resolution).
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3AAAYN NLP

+ HOo 1 ons 3TOro HY)XKHO NOHMMaHKe TekCTa:

CTaBAT

KyAQ? | 4102

|
| KyBLumH
|
w02 : KaKo?

I n?

cToAMK) | kakou? eme -
) BOAOM

KAKOWM?

I
I
I
I
I
Kakon? :
| I
| |
: I BPYCHUYHOIO
I
I

BOLLLOHOM
I | I I

CTOAMK CTOBAT BOLLLOHOM // KyBLUMH C OPYCHUYHOIO BOAOM

- PaspeueHune aHathopbl:
* «MaMa BbIMbl/la paMy, 1 Tenepb OHa 6)'IeCTI/IT>>;
+ «Mama BbIMblIfla pamy, 1 Tenepb OHa ycTanar.
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3AAAYN NLP

- bonee cnoxHble 3agaun, KOTOpble emé yaule Tpe6y+0T
MOHWMaHWS, HO NMPaBU/IbHble OTBETbI N METPUKIN KaueCTBa /1erko
npuaymaTh:

- a3blkogble modesnu (language models);

- aHanuz moHanbHocmu (sentiment analysis);

- gbidesieHue omHoweHul unu ¢pakmos (relationship extraction,
fact extraction);

- omeembl Ha 8onpock! (question answering).

14



3AAAYN NLP

+ 3aflaun, rae HYXKHO He TOJIbKO MOHATb TEKCT, HO 1 MOPOAUTb
HOBbIN TEKCT:
- COBCTBEHHO nopoxdeHue mekcma (text generation);
- agmomamuyeckoe pepepuposaHue (automatic summarization);
- MawuHHbIU nepesod (machine translation);
- duasnozosbie modenu (dialog and conversational models).

- W ong Bcero 3Toro MHOroo6pasunst U BeNnKonenus ecTb Mogeny
B BMAE rMYyOOKMUX HEMPOHHbIX CeTel.

14



PACMPEAENEHHDBIE NPEACTABMEHUS
CNnoB N APYTNX OBBbEKTOB




WORD EMBEDDINGS

- Distributional hypothesis B NMHIBUCTMKE: CNOBA C MOXOXUMU
3HaYeHusaMK GyayT BCTPEUYATLCS B MOXOXKMX KOHTEKCTaX.

- PacnpedenérHbie npedcmasnerus cros (distributed word
representations, word embeddings) oTo6paatoT cnosa B
€BK/INA0BO NPOCTPAHCTBO R?, 06bIYHO d NopsiAKa HECKOSbKUX
COTeH:

- Hauanocb B (Bengio et al. 2003; 2006), X0Ta NOAC6HbIE NAEK BbiNN
N paHblue;

- word2vec (Mikolov et al. 2013): obyuaem Beca, KOTOpbIe nyyLle
BCEro pelatoT NpocTyto 3aavy npeackasaHuns cnosa no ero
KOHTeKCTy: continuous bag-of-words (CBOW) u skip-gram;

- Glove (Pennington et al. 2014): obyuyaem Beca Cnos, packnaiblBas
MaTpuLly COBMECTHOMN BCTPEYAEMOCTH.
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WORD EMBEDDINGS

- CBOW npepnckasbiBaeT C/1I0BO M3 NIOKANIbHOMO KOHTEKCTa:
+ BXOAbl — one-hot npeacTaBneHns cnos pasmepHoctn V;
+ CKPbITbIV CNOW — MaTpuLa npefcrasneHnin cnos W,
* BbIXO/[ CKPbITOTO CMos — CpeiHee BEKTOPOB CIOB KOHTEKCTa;
* Ha BbIXOAe No/yyaem OLEHKY u; NA KaXA0ro cosa 1 6epém

softmax: ()
. exp(u;
pliley,vey) = g2

Zj’:l exp(uj/)

Output

Input layer layer

Hidden Output Hidden
g  Wwn layer layer Input layer layer Wiy O
g - N s
g g
[ / ]
Wisy Wuan N Wiy 1% |
cxv 7 cxv
g A g
-0
Vxl Vxl Nx1 -
Wiy
o

Qo

Yo




WORD EMBEDDINGS

. S|<ip—gram npeacka3blBaeT C/10Ba KOHTEKCTA U3 TeKyLlero cnoBa:

npencKkasbiBaeM Kaxxgoe C/1I0OBO KOHTEKCTA U3 LEHTPA/IbHOT O,
* Ternepb HeCKOMbKO MYNbTUHOMMANbHbIX pacnpeneneHMM nno
softmax [N18 KOKAOro c/1oBa KOHTEKCTa:

Pl = Y exp(uy)
g i/
i’=1 J
Output
Input layer layer
Xi Y,
Hidden Output Hidden
0 W layer layer Input layer layer Wiy [
s -
g
% W || W Wi
cxv cxv
g
Vxl Vxl
& Wy Wiy
d o]
@
Xc Yo
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NMPEACTABNEHUA CNOB

- Kak 06yunTb TaKyo Moaenb?

- Hanpumep, B skip-gram Bbibupaem 6 Tak, uTobbl

MaKCUMKU3NPOBATb
L) =1] ( 11 p(CM)) = I »lcli0),
i€D \ceC(1) (i,c)eD
napameTpusyem
. exp(W.]w,;)
0) = ——— 2
p(C | Z» ) ZC/ eXp(ﬁ/';r/Wl)



NMPEACTABNEHUA CNOB

- Tenepb oblee NpaBaonoao6Me paBHo

0) = ;5 0) =
arg max H p(c|i;0) arg max Z (c|i;60)

(i,c)eD (i,c)eD
= arg mgtx Z (exp wow,) logz exp(w )
(i,c)eD

 €r0 MOXHO MAKCUMWU3MPOBATb OTPULIATENbHbBIM
comnauposaHuem (negative sampling).

- Bonpoc: 3auem Hy)KHO pPa3faensiTb BEKTOPbl W 1 w?



NMPEACTABNEHUA CNOB

- GloVe - nbiTaemcs NPUGAN3NTL MATPULLY BCTPEUAEMOCTY

X e [RVXV.
X, X..
. . J 1]
pij:p(j | i) = = < v
- TouHee, X OTHOLWEHNSA gk’
J
- Mpumep Ha pycCcKoW BUKUNEANN:
Yncno BXOXAEHWN BepoaTHoCTK OTHOWweHne
X . —4 k|kny6)
Cnosgo k Bcero BmecTe C: p(k|..), x10 m
KNy  komaHga  kny6  KOMaHAaa
dyT60n 29988 54 34 18.0 11.3 1.588
XOKKew 10957 16 7 639 14.6 2.286
ronbd 2721 11 1 404 3.68 11.0

Kopabnb 100127 0 30 0.0 3.00 0.0




NMPEACTABNEHUA CNOB

- O6yuaem yHKUMIO F(w;, W5 W),) = %.
- Ewe npouie — obyyaem

F(wiw,) Pij

F (wJTvak) Prj
-+ 370 (haKTUYECKMU AO/MKHA BbITb IKCMOHEHTA:

w; Wy, = log(p;;,) = log(Xy;) — log(X;).
- MoXHO cnpsaTaTh log(X;) Kak w, W, + b; + by, = log(X;y,).
- W uenesas dyHkums y GloVe byaet
v ~ 2
J =" f(X;;) (W], +b+b;—log X,;).

ij=1

- [lemo: 6nmkanLine coceamn, reoMeTpPUUYeCKMe COOTHOLWEH KA. 17



KAK NCMNOJ1b30BATb BEKTOPbI C/TOB

- Tenepb MOXXHO MPOCTO CTPOUTb HEMPOHHbIE CETW MOBEPX
BIIOXKEHWN.

+ Hanpumep, ctaHgapTHble LSTM 4ns aHanun3a TOHanbHOCTY:

that movie was great <\s> +

t t t t t—

LSTM |+ LSTM |=| LSTM |+ LSTM |+~| LSTM

t t t t !

<s> that movie was great

- O6yyaem seq2seq ANa MoaennmpoBaHusa S3blka, 3aTem
“cnonb3yem nocnefHuin BbIXO4 UMV CPeaHUIN BbIXod AN
TOHANbHOCTW.



KAK NCMNOJ1b30BATb BEKTOPbI C/TOB

- Mnn CNN C 0AHOMEPHbIMUK CBEPTKAMMU:

Out | ~~Convolutional layers
out

brief I Max-over-time
candle pooling

Life's

but F

a

walking |

shadow \

a

poor ‘

player \

Output
features




BBEPX N BHN3 OT I'IPE,EI,CTABI'IEHI/II?I C/noB

- MpeacraBneHus CNoB — NepBbli War MHOMMX HEepPOoCeTeBbIX
mogenen B NLP.

- HO OT NpeacTaBfeHni CI0B MOXHO ABUMATbCA B 060X
HanpaBneHusXx.

- Bo-nepBbix, NpeanoxeHue — He 0653aTeNlbHO CyMMa CBOMX COB.

- BO-BTOpbIX, CIOBO HE TaK y)K aTOMapHO, Kak MOAeNun XoTenochb
6bl AymaTb.
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MPEACTABNEHNA I'IPE,EU'IO)KEHI/II?I

- Kak KOMOVMHMPOBATb BEKTOPbI C/TOB B BEKTOPbI «KYCKOB TEKCTa»?
- MpocTenwwasa naea: 6epém cymmy v/unu cpegHee
npeacTaBneHuin CNoB Kak NpeacTaBieHne
npeanoxeHuns/a63aua:
- 370 baseline B (Le and Mikolov 2014) U MHOTUX APYrUX paboTax;
- pasyMHbIn MeToq Ana KopoTkux dpa3s B (Mikolov et al. 2013);
© 1 00BOMbHO 3)heKTMBHO paboTaeT ana pehepnpoBaHmsa B
(Kageback et al. 2014).

- CoBCeM He TakK Moxo, Ckopee BCero Kak pas 13-3a
reomMeTpmnyeckunx COOTHOLLEHWN.

20



MPEACTABNEHNA I'IPE,EU'IO)KEHI/II?I

- Kak KOMBUHMPOBATb BEKTOPbI C[IOB B BEKTOPbI «KYCKOB TEKCTa»?
- Distributed Memory Model of Paragraph Vectors (PV-DM) (Le and
Mikolov 2014):
- BEKTOp ab63alia — JONONHUTENbHbIV BEKTOP ANA KaKAOro ab3alla;
* CNYXUT «NaMATbO» A4 6onee rnobanbHOro KOHTEKCTA.

of
/ Average

EEEEN

1 the group talent assembled
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MPEACTABNEHNA I'IPE,EU'IO)KEHI/II?I

- Kak KOMBMHMPOBATb BEKTOPbI CNIOB B BEKTOPbI «KYCKOB TEKCTa»?

- Distributed Bag of Words Model of Paragraph Vectors (PV-DBOW)
(Le and Mikolov 2014):
* Mofenb npeackasbliBaeT C/10Ba, CﬂyanhHO Bbl6paHHbIe N3 aHHOTO
a63aLa;
* W BEKTOp a63a|_La foMoraeT npefckasbiBaTb C10Ba N3 3TOr0
a63a|_La BO BCeEX JIOKa/NbHbIX KOHTEKCTaX.

the group of talent assembled
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MPEACTABNEHNA I'IPE,EU'IO)KEHI/II?I

- Kak KOMBUHMPOBATb BEKTOPbI CNIOB B BEKTOPbI «KYCKOB TEKCTa»?

- CBépTouHble apxuTekTypbl (Ma et al, 2015; Kalchbrenner et al.,
2014).

- (Kiros et al. 2015): skip-thought BexkTopbI, 06yUatoTca U3 skip-gram
BEKTOPOB Ha NpPeanoXeHNaX.

- (Djuric et al. 2015): MmogenupyeT 60MbLlIKe NOTOKN TEKCTOB
NepapxuueckMmn HeMpoCeTeBbIMIU MOLENAMNA.

document stream (context)

[dns | [dma| [dmea ][ dmes |

words within document (content)

Projection
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FTMYBOKWUE PEKYPCUBHbIE CETU

- PekypcusHble HelipoHHbie cemu (recursive neural networks;
Socher et al,, 2012):
. HeI7IpOHHa9| CeTb CBOpa4vnBaeT npeacraBneHne Kycka TekCTa B
BYX NOAAepeBbsiX, MPOXoAa OT CNI0B 40 KOpHA AepeBa
CUHTAKCMYEeCKoro pasbopa.
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FTMYBOKWUE PEKYPCUBHbIE CETU

PekypcugHble HelipoHHble cemu (recursive neural networks
Socher et al,, 2012):

MOXHO NpeAcTaBnATb y3en ManI/ILleM N BEKTOPOM

B L|eNIOM 0YeHb 3P MEKTUBHbIN NOAX0S K aHANN3Y TOHANbHOCTY
(Socher et al. 2013)

Recursive Matrix-Vector Model
[C X))
f(Ba, Ab)= s

/\

(@o) - vector
- matrix
Ba=@@ Ab=Go
[OX¢] (€Xe)
[OX¢) o0
@® (12}
very

@o)
good movie
( a, (Lr B ) (ir C )
oo) [CXIDIPY [CIDIPY)
e o0 oo
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FTMYBOKWUE PEKYPCUBHbIE CETU

- TNy6oKMe pekypCcuBHbIe CeTU AN aHanusa ToHanbHocTu (Irsoy,
Cardie, 2014).

. I'IepBaﬂ naed. otaenunm nncTtba OoT BHyTpeHHI/IX y3)'IOB; BMeCTO
NPUMEHEHUA OLHUX U TEX e BeCOB

Xy = f(WLxl(v) + Wer(v) + b)

Tenepb 6yayT pasHble MaTpuULbl 41 NUcTbes (Cnos) 1
BHYTPEHHVX Y3M0B:
- Tenepb BHYTPEHHSA Pa3MEepPHOCTb MOXET 6bITb MEHbLLE,
- 1 MOXHO MCMOMb30BaTh RelU, T.k. Tenepb HeT npobnemb ¢
pa3pexeHHbIM BXOAAMU U MNAOTHbIMU BHYTPEHHVMIN Y3[1aMU.
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FTMYBOKWUE PEKYPCUBHbIE CETU

- Bropas ngeqa - no6asum B nepapxmnyeckoe npegcraBrneHue

ray6uHbl: bl = f(Wg)hgfl) o Wg)hf()m + VORLED 4 p@),

He O4eHb XOpOLLIl/Il;I

- [IpekpacHas apxuTekTypa Ang aHann3a TOHaNbHOCTU... eCK,
KOHeUYHO, eCcTb lepeBbsi pa3bopa.
- Stanford Sentiment TreeBank ecTb; @ N0-pycCcKM HEMOHATHO...
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CHARACTER-LEVEL MODELS

- BaXKHble HeJoCTaTK/ BEKTOPOB C/10B:

* BEKTOpPbl He3aBUCKMbI, a C/10Ba HET (MOpd)OﬂOI'I/IFI);
* TO XXe OTHOCUTCA K C/10BaM He 13 CfioBapA (HOBbIM, O4YeHb pe,ElKI/IM);
+ MOAENb OYeHb 6ONbLIAs nonyyaeTcqa, eCny BCe CNoBa 0by4yaTh.

- Hanpumep, cnoso “polydistributional” gaét 48 pe3ynsratos B
Google, Tak YTO Bbl €0 CKOPee BCEro HUKorga He BUAENu, u
06y4YaTbCs HE HA YeM:

polydistributional = Y ﬂ

Bce KapTel KapThHKK Bupeo HoeocTu Ewg v VHCTPYMEHTHI NOUCKa

Peaynstatos: npumepHo 48 (0.25 cek.)
- [TOHUMaeTe, YTO OHO 3HAUUT? A TOXe MOHUMALO.
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CHARACTER-LEVEL MODELS

- Otciopa uaes character-level representations:

- CHauana packnagbiBanvt cnoso Ha mopdembl (Luong et al. 2013;
Botha and Blunsom 2014; Soricut and Och 2015);

- HO TOrAa Hafo AenaTb MOPMONOrMYECcKn aHanms, TOXe HeNpoCTo;

+ [1Ba CTeCTBEHHbIX NoAxoaa Ha 6ykeax: LSTM/GRU v CNN;

- B /1060OM Cfyyae, MoAenb MefeHHas, HO K KaXJoMy C0BY
NPUMEHATb He 0643aTeNbHO, MOXHO YaCTUYHO 3aKelWnpPoBaThb
3apaHee.
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CHARACTER-LEVEL MODELS

- C2W (Ling et al. 2015) ocHOBaHO Ha ABYHaNpaBneHHbIX LSTM:

cats

Character © a
Lookup 7/
Table

embeddings
for word "cats"
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CHARACTER-LEVEL MODELS

- ConvNet (Zhang et al. 2015): NoOHWMaHKe TeKcTa C Hynd, C ByKB,
uenmkom Ha CNN.

Convolutions Max-pooling Conv. and Pool. layers Fully-connected
- Character-level mogenu CTaHOBATCS BCE BAXHEE U HYXHee,

ocoberHo ansa (1) moponornyeckn 6oraTbix A3bIKos 1 (2)
MOPOXAEHHbIX MOMb30BATENAMU TEKCTOB.
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CHARACTER-LEVEL MODELS

- Mopaxof Deep Structured Semantic Model (DSSM) (Huang et al,,
2013; Gao et al,, 2014a; 2014b):

- sub-word embeddings: npeacTaBnm CNOBO KAk MHOXECTBO
TpUrpamm 6yKs;

- cnosapb Tenepb |V|2 (4ecaTky ThicAY BMECTO MUMIIMOHOB), HO
KONNW3MN 0UYeHb pPefKu;

- MpeacTaBneHve yCTONUMBO K onedatkam 1 T.0. (04eHb BaXHO AN
NOPOXAEHHbBIX NOMNb30BATENAMMN TEKCTOB).

Example: cat — #cat# — #-c-a, c-a- t at# ——

(w/ word boundary mark #) / // \
g
) K
dim vica) = Y (@eari- )
\L /C k=1
g

Count of LTG(k) T
in the word “cat” w:.The vector of LTG(k)

1
10 1 _
#-c-a Ccatat#
#
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NMPUMEP MOAENW: KIM ET AL., 2015

- Mpumep coBpemeHHo character-based a3bikoson mogenu (Kim

et al, 2015):

2 Character . ]d,convom.nons Highway LSTM Predicting

> . with different filter sizes

0] embeddings and max-pooling network network the next word

>

)

2 ; .

> C=H 1T | ¥ =

> — T 1% g <
I T 2 bl 3
A 3

o — 7] =) B o

)
O_ =~
— o

—— 1 ) %] E -
| S anEinl ims

®— — T l

I = e l >

= — e D

3 — ) = 1 %) S 3

—+ = 32 =.

> L g =

P @ S =

- O6beamnHaeT CNN, RNN, highway networks, embeddings...
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BEKTOPA C/TOB C BHEWWHEW MH®OPMALLUEN

- [pyrue moanduKkaLm npeactaBneHnin cnos 4o6aBnsoT
BHELLHIO MHOpMaLKIO.

- Hanpumep, mogenb RC-NET (Xu et al. 2014) pacwwnpsiet
skip-gram cemaHTUYeCKUMMU N CUHTAKCUUYECKUMI OTHOLIeHUAMU
N 3HAHUAMU.

R-NET Skip-gram C-NET

d(Wier, W)

AWy, w1)  d(Wi,wp)  d(w,wy)

Relation embedding
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BEKTOPA C/TOB C BHEWWHEW MH®OPMALLUEN

- 1 6a30BbIV word2vec nony4vaeT perynsapu3atop A0S Kaxaoro
OTHOLLEeHWA B 6a3e, NbITasACb BbIPa3UTb €r0 NMUHENHbIM
COOTHOLLIEHUEM:

Whinton — Wwimbledon ~ "born at =~ WEuler — WBasel

R-NET Skip-gram C-NET

d(Wier, Wir)

AWy, w1)  d(wi,wp)  d(wi,wy)

Relation embedding Wi Wi w2 Wy
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PA3PELUEHWE CMbICNA C/1OB

- [ipyras BaxHasa npobnema Ansa BCex Mofenen Bbllle — OMOHUMbI.
- Kak pasnuumnTb pasHble CMbICnbl cnoBa? beaa:

B MOAeNM 06blYHO 0BYUNTCA TOMbKO OAUH CMbICHT;
- [aBaTe NpoBepuM BIVKANLLINX COCeAen ClIoBa Koca 1 Apyrux
OMOHUMOB.

- Hapo nobasutb CKpblmble nNepeMeHHble ANA Pa3HbIX BO3MOXHbIX
CMbIC/TOB 1 MOTOM BbIBECTU NX N3 KOHTEKCTA.

- UT06bl 06YUUTb CMbIC/Ibl CO CKPbITHIMU NEPeMeHHbIMI —
CTOXaCTUUYECKWUI BapuaLnoHHbIi BbiBog (Bartunov et al,, 2015).
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OBLWWE noaxonabl




DSSM

-+ Eweé oanH obuwmm nogxod kK NLP Ha ocHoBe CNN — Deep
Structured Semantic Model (DSSM) (Huang et al., 2013; Gao et al,,
2014a; 2014b):

. KJ'IaCCVI(,Jpl/IKaLI,l/IFl (paCﬂO3HaBaHM€ peyn, A3blIKOBble Moaenu,
KapTUHKM).

l Dist=Xentropy one-hot target

Text string s
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DSSM

- Eweé oanH obuwmn nogxoa K NLP Ha ocHoBe CNN — Deep
Structured Semantic Model (DSSM) (Huang et al., 2013; Gao et al,,

2014a; 2014b):
BEKTOPHbIe MPaBUbHbIe OTBETbI 415 CEMAHTUYECKON MOXOXKECTU.

"vector”-valued "target”

Dist#Xentropy

.
COeece O

-.Ig

S B
..I..I

3 E
- E3

Input 1

Text string s
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DSSM

- Eweé oanH obuwmm nogxod K NLP Ha ocHoBe CNN - Deep
Structured Semantic Model (DSSM) (Huang et al., 2013; Gao et al,,
2014a; 2014b):

© yTOObI O6y‘4I/ITb C BEKTOPHbIMW OTBETAMW — MPUHLKXM OTPaXXeHUA
(reflection): npuTArKBaEemM Noxoxme, OTTaNKNBaeM HEMOXoXMe.

“vector”-valued "target”

f Distance(s,t)

L:
-
o

W; ' W-! t
w, f w, §
W, ' W, '
w, 4 R ;
Text string s Text string t
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DSSM

- 37O AaBHAA uaea cuamckux cemedl (Bromley et al., 1994)

Make this small Make this large
D, D,
G, (x )G (x, )| |G, (x)=G_ (x,)]|

A A A A

G lxy) G (x,) G lx)) G ()

T

R =

Similar images (neighbors Dissimilar images

in the neighborhood graph) (non-neighbors in the
neighborhood graph)
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DSSM

- DSSM MOXHO MPUMEHSTb B CaMblX Pa3HbIX KOHTEKCTaX, eCn eCTb
faTaceT: cemaHTMyeckne embeddings, 0TBET Ha BOMpPOChH
(hakTOMOTUUECKME), PEKOMEHAALMUN U T.[0.

- Hanpumep, ans information retrieval: nputarneaem Bmecte
JIOKYMEHTbI 1 3aMpOChl, KOTOPbIM OHW pPefieBaHTHbI,
OTTaNKNBaeM HepeneBaHTHble.

- B Hos16pe 2016 AHAeKC BbIMYyCTWU/ NOCT O TOM, YTO OHU
MCMONb3yT (MOANMULVPOBAHHbIN) DSSM B X HOBOM
NMOWCKOBOM anroputme flasmex.
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CUHTAKCUYECKWI PA3BOP




CUHTAKCUYECKWUI PA3BOP

- Kak e BCE-TakyM NOCTPOUTb AepeBbs pa3bopa?

|
4TO?  KOK?

T YE
3
e

yem?e

MbBIAOM

|

|

|
MBIAOM

N-——————=

I

I

I

I

I

I I
MOMAO  MbIAQ PAMY  C  MBIAOM  MOMO MbIAG  PAMY
(a) (6)
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CUHTAKCUYECKWUI PA3BOP

- Cenuac 06bIYHO continuous-state parsing: Texyllee cocTosHme
napcepa — Bektop n3 R%.

- Stack LSTMs (Dyer et al,, 2015) - napcep ynpasnseT Tpems
CTPYKTYpaMU [aHHbIX:

(1) 6ydep B cogepxuT nocnefoBaTenbHOCTb COoB;
(2) cTex S XpaHWUT YaCTUUHO NOCTPOEHHbIE AepPeBbs:;
(3) cnncok A geincTeuil, KOTopble yxKe 6biu NPeanpUHATbI NapCcepom.

® QY

PusH, ‘ LSTM HLSTM ’ LSTM ’
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CUHTAKCUYECKWUI PA3BOP C MOP®ONOTMNEN

- BaxHoe pacluperue (Ballesteros et al,, 2015):
* Hago y4yecCTb MOpd)OﬂOI'MI-O, TAK YTO NpegctaBum CNoBO
ByHanpasneHHbIM character-level LSTM;
* pe3ynbratbl CTAHOBATCA Niydlle Ha pAafe A3blIKOB (a pyccKkoro
noyemy-To HeT — fep3ante).
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METPUKW KAYECTBA A1 SEQUENCE-TO-SEQUENCE MOAENEN

- [lanblie 6yaeT caMmoe MHTEePeCcHOoe: MaLlVHHbIN NepeBof,
OVanorosble Mogenu, OTBET Ha BOMPOCHI.
- Ho kak mbl bynem oueHnsaTb NLP-moaenu, KoTopble reHepupyoT
TeKCT?
+ ECTb MeTpuKkn KayecTsa, KOTOpble CPAaBHWBAOT Pe3ynbTaT C
npaBuNbHbIMU OTBETAMMU:
- BLEU (Bilingual Evaluation Understudy): nepes3BeLieHHas
precision (B T.U. 418 HECKONbKMX NPABUIbHbIX OTBETOB);
- METEOR: rapmoHu4Yeckoe cpegHee precision u recall no
yHUrpammam,
- TER (Translation Edit Rate): 4nCNO NCNPABAEHNI MEX/Y BbIXOLOM
1 NPaBWIbHbIM OTBETOM, IeNIEHHOE Ha CpefiHee YnNCo CNoB;
- LEPOR: KoMbuHupyem 6a30Bble (haKTOPbl ¥ METPUKM C
HacTpanBaembiMU NapameTpamm.
- ECTb ewé Kyya MeTpuK, CBSA3AHHbIX C MpeACcTaBNEeHUAMMN CNOB U
NpennoXeHnn (XoTum Nobavxe K NpasuibHOMY OTBETY).

- OfHa ToNbKO Npobnema... »



METPUKW KAYECTBA A1 SEQUENCE-TO-SEQUENCE MOAENEN

- ...BCE 3T0 BOOOLIE He paboTaeT.

Twitter Ubuntu
Metric Spearman p-value | Pearson p-value | Spearman p-value | Pearson  p-value
Greedy 0.2119 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 0.36 -0.002903 0.98
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 <001 | 03874 <001 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 < 0.01 0.1392 0.17 0.1218 0.23 0.1132 0.26
ROUGE 0.1235 0.22 0.09714 0.34 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 HYXXHO YTO-TO HOBOE.
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MALLUVHHBIA NEPEBOA:
ENCODER-DECODER
N BHUMAHWUE




MALLVNHHbIN NMEPEBO/J

- MepeBof — 04eHb xopollas 3aaava:
* OYeBMOHO O4YeHb NpakTnyeckad,
*+ 04YeBMOHO OYeHb BbICOKOYpPOBHEBAA, Tpe6yeT NMOHNMAaHWS,

- CYMTAeTCA [OBOMbHO HEMMOXO KBAHTUMULMPYEMON (BLEU, TER -
XOTSl CM. BbILLe);

- umeeT 6onbuwne AOOCTyNHble faTacCeTbl napannefibHbiX NepesodoB.
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MALLVNHHbIN NMEPEBO/J

- CTaTUCTUYeCKMIA MalMHHBIN nepesoa (statistical machine
translation, SMT): moaenupyem yCnoBHY BEPOSTHOCTb p(y | )
nepeBofa y Npv YCNOBUM UCXOLHOIO TEKCTA .

- Knaccnueckun SMT: mogenupyem log p(y | ) NUHEnHon
KOMOWHaLUMeN NPU3HAKOB, CTPOUM MPU3HAKW.

Source Source Source
sentence sentence sentence
4 4 L

SMT
Neural SMT
network Neural
e network
<L
JL '
< Neural J L
network ~
Target ﬂ Target
sentence S sentence
Target
sentence
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MALLVNHHbIN NMEPEBO/J

- Ham 6onbuie NHTEPeCHO mogenmpoBaHne
sequence-to-sequence:

- RNN ecTecTBeHHbIM 06pa30M MofenvpyeT NOCAeA0BaATENBHOCTb
X = (x1, 29, ..., Tp) KaAK p(z1), P(T2 | T1), -y
pler|zop)=pl@y | p_q,...,21), W TENepb p(X) - 370 NPOCTO

p(X) =plx))p(xy | 21) . p(x) | T2p) o D(Tp [ )5

+ Tak RNN 1 B A3bIKOBbIX MOAENAX NCMONb3YHOTCH;
+ npefackasbiBaem crefytollee C/10BO Ha OCHOBE CKPbITOro
COCTOAHMA W NpeablayLLero c/oBa;

- Kak npuMeHnTb 3TY MAEI0 K nepesony?
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ENCODER-DECODER APXUTEKTYPbI

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

- CHauyana Kkoampyem, NnoToOM AeKoanpyem o6paTHo.
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ENCODER-DECODER APXUTEKTYPbI

- TaK e MOXeT paboTaTb 1 C NepPeBOAOM.

Awesome sauce
Y1 Y2

[..:.] [o::o] [ofoo]

. |'|po6ﬂema: Ha[O0 COKUMaTb BCE npennoXxeHwne B 04MH BEKTOP.

+ C ANUHHbBIMU YYaCTKaMK TEKCTA 3TO BOO6LLE NepecTaéT
paboTatb.
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BHUMAHWE B HEMPOHHbIX CETSIX

- PelweHve: naBanTe obyunm cnewymanbHble Beca,
NOoKa3blBatoLMe, HACKOMbKO Ta UMW MHAs YaCTb BXOa BaXXHA
[N Tekyllero Bbixoaa.

+ 3TO YeM-TO HAMOMUHAET MeXaHW3M BHUMAHUS Y MtoAen: uTo
nomMellaTb B paboyyto NamsiTh, @ UTO He Hajo.

- MepBble npumMeHeHnsa B HenpoceTax — foveal glimpses Ha RBM
(Larochelle, Hinton, 2010)

Periphery (low-resolution)
\ Retinal transformation

{reconstruction from ) ©OCO0O0OCO0000D) h
|

2) z(iy, ja)
Fovea (high-resolution)

A B C

a(i
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BHUMAHWE B HEMPOHHbIX CETSIX

- MpAMoe NpumMeHeHne 3Ton uaev — AByHanpaBneHHbin LSTM
nmoc BHumMaHue (Bahdanau et al. 2014):

Encoder
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BHUMAHWE B HEMPOHHbIX CETSIX

- Maekoe sHumaHue (soft attention) (Luong et al. 2015a; 2015b;
Jean et al. 2015):
- encoder — aByHanpaBneHHasa RNN, ecTb 06a KOHTEKCTa;
+ CeTb BHUMAHWS BbIAAET OLEHKY PENEeBAHTHOCTM — HAA0 NN
nepeBoAWTb 3TO CIOBO MPSIMO cenvac?

g}der
®
@
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BHUMAHWE B HEMPOHHbIX CETSIX

. GJopMaano OYeHb MNPOCTO: CYNTaeM BeCa BHMaHUA Qg n
nepeB3BellnBaeM BEKTOPbl KOHTEKCTOB:

etj = a<2t717j>7 atj - SOftInaX(etj; et*)v

G = Zatjhﬁ nTenepb z; = f(8t71ayt71>ci)'
J

Encoder
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BHUMAHWE B HEMPOHHbIX CETSIX

B pe3ynbraTe MOXHO BM3yann3npoBaTb, HA YTO CMOTPUT CETb:

c
S g =
b=
% [J] ©
s E w L9 285 A
£ sS.s_ §2.ES 3
8, 23985, 05838 &
OGS0 €ESNJces5cscG=2 .V

La
destruction

de
I
équipement
signifie

nouvelles
armes
chimiques

<end>

37



BHUMAHWE B HEMPOHHbIX CETSIX

- [lonyyaeTtcs ropasgo nyduwe nopagok Cios:

Economic growth has slowed down in recent years

Das Wirtschaftswachstum hat sich in den letzten Jahren verlangsamt .

Economic growth has slowed down in recent years
|

1
."II ,// l'.
lf' 7

La croissance économique s' est ralentie ces derniéres années .
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BHUMAHWE B HEMPOHHbIX CETSIX

+ KOHeYHO, ecTb 1 apyrne npuMeHeHna MexaHn3mMoB BHUMAHMS.

- Show, Attend, and Tell (Xu et al,, 2015): reHepupyem NoAnUCH K
PUCYHKaM.

14x14 Feature Map

Lo ' : body
"

water
1.lnput 2. Convolutional 3. RNN with attention 4. Word by
Image Feature Extraction over the image word

generation
vy
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BHUMAHWE B HEMPOHHbIX CETSIX

- Soft attention vs. hard attention (ctoxacTnyecku Bbibrpaem

O HO3HAYHbIV KYCOK KapTI/IHKI/I).

[

EEEEE
FEERF

bird flying over body water

IE

- Hard attention obyyaeTcst MakcummusaLmen BapraLnoHHoOM
HWKHeN oleHkn (06 3TOM no3xe).



BHUMAHWE B HEMPOHHbIX CETSIX

YacTo nonyyarTcs oUeHb XOpoLlive pe3ynbraThi:
—

A woman is throwing a frisbee in a park. Adog is standmg 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.
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BHUMAHWE B HEMPOHHbIX CETSIX

- Ewé 6nmxe k Teme — «Grammar as a Foreign Language» (Vinyals
et al, 2015)

e |
W vED VD e [
AN [ A~ [P
o1 NN W e rose 10 or NN N e w10 NN
[y et A [y e
he yied on DT NN NN to D NN fiom CD NN | [lhe yidd on BT NN NN to CD NN fiom CD KN

| I I | [ | I I Il [
the benchmark issie 0 % 5 % the benchmark isue 1 % 5 %
RooT RooT
] |
S S
NP w NP 0
T |
NP [ VD e i NP 7 viD P [
A [P AN N~
o1 NN W e e 10 Ne W N | for AN e w0 NN NP
| |

[T et [ e
he yid on DT NN NN to CD NN from € NN | [he yield on DT NN NN to CD NN from CO @
o | | o I ]
the benchmark e 04 5% the benchmark e DH 5

) ¥
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GOOGLE TRANSLATE

- CeHTa6pb 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;
- 6a30Basn apxuTeKTypa Ta e camas: encoder, decoder, attention;
- RNN rny6okue, no 8 ypoBHei B encoder n decoder:

v, oy, —> —> <is>
Lo . Ty

Encoder LsTHs ! (B —
_-~" Detoder LSTMS ™. _
GPUB ?GA @ GPUB

L T
8layers
GPU3 . 4 § I 1
GPUZ . t . GPU3

>

—» Attention
GPUZ \ GPU2

GPUL GPUL

R e <l =y, > ey,
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GOOGLE TRANSLATE

- CeHTA6pb 2016: Wu et al,, Google’s Neural Machine Translation
System: Bridging the Gap between Human and Machine
Translation:

- npocTo stacked LSTM nepecTatoT paboTaTtb fanee 4-5 ypoBHEN;
* NMNO3TOMY ,D,O6aB}'IFHOT OCTaTO4YHble CBA3WN, KaK B ResNet:

v 9@

1o
Oain®
=

( —{ st {5t ) LSTM, LSTM, LSTM,
é @ 3 A i
p.L) .2 y.43
(st —{ 5TM, F—{ sTM —{ ) ([LsTi —>{{LsTM, }—>{{sTM }—{ )

@
@
@
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GOOGLE TRANSLATE

- CeHTa6pb 2016: Wu et al,, Google’s Neural Machine Translation
System: Bridging the Gap between Human and Machine
Translation:

© HWKHUN YpOBEHb, eCTeCTBEHHO, ,D,ByHal'IpaB)'IeHHbll;li

(st™ }—{ LsTM }—{ LsTM }—{ - )
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GOOGLE TRANSLATE

- CeHTA6pb 2016: Wu et al,, Google’s Neural Machine Translation

System: Bridging the Gap between Human and Machine
Translation:

- B GNMT ewweé aBe naen o cermeHTaumnm cnos:

- wordpiece model: pa36buTb CNOBa Ha Kycouku (OTAENbHOW
MOAENbI0); MPUMEp U3 CTaTbui:

Jet makers feud over seat width with big orders at stake

npeBpallaeTcq B

_J) et _makers _fe ud _over _seat _width _with _big _orders _at _stake

- mixed word/character model: KoHBEPTUPOBATb CNOBA, HE

nonagatolne B C10Bapb, B NOCNe[0BaTENbHOCTb OYKB-TOKEHOB;
npumep n3 cTaTbu:

Miki npeBpauwaetca B <B>M <M>i <M>k <E>i
38



TEACHING MACHINES TO READ

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

- MpepgnaraioT HOBbIN CNOCO6 MOCTPOUTL AATACET ANA MOHUMAHWNA,
aBTOMaTUYeCKn cosfasas Tponku (context, query, answer) u3
TEeKCTOB HOBOCTEN 1 T.M.

Original Version Anonymised Version

Context
The BBC producer allegedly struck by Jeremy the ent381 producer allegedly struck by ent212 will
Clarkson will not press charges against the “Top not press charges against the ““ ent/53 ” host , his
Gear” host, his lawyer said Friday. Clarkson, who  lawyer said friday . enr212 , who hosted one of the
hosted one of the most-watched television shows most - watched television shows in the world , was

in the world, was dropped by the BBC Wednesday  dropped by the enr381 wednesday after an internal
after an internal investigation by the British broad-  investigation by the ent/80 broadcaster found he
caster found he had subjected producer Oisin Tymon had subjected producer ent193 “ to an unprovoked

“to an unprovoked physical and verbal attack.” ... physical and verbal attack . ” ...
Query
Producer X will not press charges against Jeremy producer X will not press charges against enz212 ,
Clarkson, his lawyer says. his lawyer says .
Answer
Oisin Tymon ent193
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TEACHING MACHINES TO READ
- ba3zoBas mogenb — ryo6okuin LSTM:

BHA-B-0-E-E6 0.
s

X visited England ||| Mary went to England

- Ho TaK, KOHeYHo, COBCEM M0X0 paboTaer.
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TEACHING MACHINES TO READ

- Attentive Reader: obyyaemcs, Ha KaKyt 4aCTb JOKyMEHTa

CMOTpETb
.
sty 5(2}y(2}f \s(s}y(a) @

went to England visited England
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TEACHING MACHINES TO READ

- Impatient Reader: MOXXeM NepeunTbIBATb HYXHble YacTu
JIOKyMEHTa Mo mMepe NpoyTeHus 3anpoca

Mary went to England X visited England
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TEACHING MACHINES TO READ

- TlonyyaroTcs pasymHble KapTbl BHUMAHWUS:

by ent423 ,ent261 correspondent updated 9:49 pmet , thu
march 19,2015 (ent261) aent114 was killed ina parachute
accidentinent45 ,ent85 ,nearent312 ,aent119 official told
ent261onwednesday . he was identifiedthursday as
special warfare operator 3rd cl- ,ofent187,
ent265 . ent23 distinguished himself consistently
throughout his career .he was the epitome of the quiet
professionalinall facets of his life ,and he leaves an

inspiring legacy of naturaltenacity andfocused

by ent270 ,ent223 updated 9:35 amet ,monmarch2,2015
(ent‘ﬂ familial for fall at its fashion show in
ent231onsunday ,dedicating its collectionto " mamma"
with nary a pair of ** momjeans "insight .ent164 andent21,
who are behindthe ent196 brand ,sent models down the
runway indecidedly feminine dresses andskirts adorned
withroses ,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
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ATTENTION IS ALL YOU NEED

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

Output
Probabilities

Add & Norm
Feed
Forward

(Add & Norm Je—

Multi-Head
Altention

7 ) Nx
Add & Norm ey

Masked
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Add & Norm
Multi-Head
Attention Attention
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A 2
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Posilional Positional
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nceding Encoding

I Output

Input

I Embedding l Embedding
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ATTENTION IS ALL YOU NEED

+ Hnyero, Kpome BHUMaHM!

- MapannenbHble KapTbl BHUMAHWA, 06beAUHEHHbIE B MATPWULLbI:

Scaled Dot-Product Attention

Multi-Head Attention

¢ ¢ ! #@@

- Self-attention: kaxgasd no3uumsa encoder'a MOXXeT BHUMATEIbHO
MOCMOTPETb Ha KaXayto NO3uLNI0 NPeablayLLero ypoBHS.

- PesynbTtatbl SMT nyyuwe state of the art, a obyuaerca B8 CTO pa3
bbicTpee.
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OWANOTOBbIE MOAENN

- [lnanorosble MoAenu NbiTakoTCsa Npeacka3aTbh pa3BuTre amnanora
NN NPAMO aKTUBHO Pa3roBapunBatoT C YETOBEKOM.
- (Vinyals, Le, 2015) ncnonb3yioT seq2seq v encoder-decoder gns
ananora:
- npeablaywne npegnoxeHna ABC nogaém kak KoHTekcT RNN;
+ cnepytoulee cnoeo oteeta WXYZ npefckasbiBaem 13 npegbiayLero
N CKPbITOTO COCTOAHUSA.

@@@

Input utterance Reply (generated/trained as seq2seq)

- latacetbl: o6uwme (MovieSubtitles) n B KoHkpeTHOM aomeHe (IT
helpdesk).
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OWANOTOBbIE MOAENN

- Hierarchical recurrent encoder decoder architecture (HRED);
cHayana anga query suggestion B noucke (Sordoni et al. 2015),
noTom AN Ananorosbix cuctem (Serban et al. 2015).

- [lnanor — ABYyXypOBHeBad cnucrtema: noc/nenoBaTe/lbHOCTb
pPenunK, a Kaxxaas penavka — nocnefoBaTe/lbHOCTb CNOB.
- HRED obyuaeT:

(1) encoder RNN, KOTOpas 0TO6PaXaeT KaKayk Peninky B BEKTOp;
(2) context RNN, koTopas 06pabatbiBaeT BEKTOPbI MpPeablayLLnx
PenvK n 06bEANHSET NX B BEKTOP TEKYLLErO KOHTEKCTQ;

(3) decoder RNN, KoTOpas NpeAckasblBaeT CI0Ba CremyioLen
penukn Npu ycnoBUIN KOHTEKCTA.
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OWANOTOBbIE MOAENN

HRED (Serban et al. 2015):

It was the lark, the More light and light; more
herald of the morn! dark and dark our woes!
W21 Wi W2N.
decoder initial D
hidden state
context
hidden
state .
encoder
hidden utterance utterance
sfcte represemonon representation
W\ 1 WIN-1 W\ Ni W21 W2N-1 W2 N,
It was the nightingale, and not the lark... Itis, it is: hie hence, be gone, away!
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OWANOTOBbIE MOAENN

- HekoTopble HelaBHMWe pe3ynbTaThl U paclpeHns:

- (Su et al, 2016; Li et al., 2016a): 0byuerue c nogxkpennexunem (DQN,
online active reward learning) 4na ynyyweHus nopoxaeHus
[1anoros;

- (Li et al,, 2016b) go6asnaT nepcoHaxel (personas) Npu NOMoLLM
CKPbITbIX MEPEMEHHbIX;

- (Wen et al, 2016) ncnonb3ywT snapshot learning, no6aenas
[laHHble B BUJE HEKMX COObITUN, NPOUCXOASALINX B BbIXOLHOM
npeanoxerun (Mbl elwé XoTUM 3TO CKas3aTb UMW YXKe CKasanw).

-+ B Lenom 4aTboTbl yxKe paboTatoT HOpPManbHO, HO [0
nofgaepXaHns pa3roBopa ObWEro Ha3HaYeH s eLle OYeHb
nanexo.
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OTBEYAEM HA BOTMPOCbDI

- Question answering (QA) — oAHa 13 CIOKHENLW WX 3a4au, TOXe
oyeHb 6/113Ka K MOHUMAHWIO.
- O KaKnx BOMpocax peyb:

+ Nerko HawmTw gataceTsbl U3 information retrieval;

- (hakTnyeckme Bonpochl (TpUBUA) U3 6a3 3HAHUN;

- knaccudmkauna B cnyyae sonpocos Ha multiple choice (Quiz
Bowl); TyT xopowwo paboTaeT 0To6pa3nTb BONPOC U OTBETHI B
CeMaHTUYeCcKoe NPOCTPAHCTBO M UCKATb TaM GAMKaAMLLINX coceaew
(Socher et al. 2014);

+ HO 3TO BCE He COBCEM TO.

- (Weston et al. 2015): maTaceT NPOCTbIX BONPOCOB, KOTOPbIE «HE
TpebytoT 4ONOMHUTENbHbIX 3HAHUINY.

- Ho TpebytoT yMeHMs paccy)XaaTb M MOHUMATb CEMAHTUKY...
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OTBEYAEM HA BOTMPOCbDI

[Mprmepbl BONPOCOB:

Task 1: Single Supporting Fact Task 4: Two Argument Relations
Mary went to the bathroom. The office is north of the bedroom.
John moved to the hallway. The bedroom is north of the bathroom.
Mary travelled to the office. The kitchen is west of the garden.
Where is Mary? What is north of the bedroom? A: office
A: office What is the bedroom north of? A: bathroom
Task 7: Counting Task 10: Indefinite Knowledge
Daniel picked up the football. John is either in the classroom or the playground.
Daniel dropped the football. Sandra is in the garden.
Daniel got the milk. Is John in the classroom?
Daniel took the apple. A: maybe
How many objects is Daniel holding? | IsJohn in the office?
A: two A: no
Task 15: Basic Deduction Task 20: Agent’s Motivations
Sheep are afraid of wolves. John is hungry.
Cats are afraid of dogs. John goes to the kitchen.
Mice are afraid of cats. John grabbed the apple there.
Gertrude is a sheep. Daniel is hungry.
What is Gertrude afraid of? Where does Daniel go? A: kitchen
A: wolves Why did John go to the kitchen? A: hungry
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OTBEYAEM HA BOTMPOCbDI

- HauBHbIN NOAX04 — NOPOAUTb NPEACTaBIEHNs BONPOCa
OTBETa, COBMECTUTb, OTBEYATH:

Story Query
Words

Word Vectors

RNN

Merged output (story | query) |

image: http.//smerity.com/articles/2015/ker: .html

v .
softmax: predict answer

- [Ipobnema B TOM, UTO HAA0 3ANOMHUMb KOHTEKCT Ha
NPOTSYKEHWM BCEro BOMPOCa... 4t



OTBEYAEM HA BOTMPOCbDI

- ..Tak uyTo cenyac state of the art — 3T0 memory networks
(Weston et al. 2014).

- ECTb MaccuB 06beKToB (MamaTb) U 06yYaemble KOMMOHEHTbI:

| (input feature map) npeo6pasyeT BX0OA BO BHyTpeHHee
npencTaBneHue;
G (generalization) 06HOBNAET NaMATb NOC/E HOBOTO BXOAA;
O (output feature map) NOPOXAAET BbIXOA MO BXO4Y U COCTOAHUIO
namaTu;

R (response) koHBepTUpyeT Bbixod O B HYHbI hopmaT (reHepaTtop
TeKCcTa, Hanpumep).

x Input - Output 5
= Generalization Response a
=) =
Q feature component G feature component R >
< map | map O (@)

!

[ Memory ]
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OTBEYAEM HA BOTMPOCbDI

- Dynamic memory networks (Kumar et al. 2015): anu3oguueckas
namsTb, KOTOpPas BbI6BUPAET, HA KAaKOW YacTu Bxoda
oKyCcMpoBaTbCA MNPV MOMOLLM MEXAaHWU3MA BHUMAHMUS.

Episodic Memory . . N . . . Answer module
e, 7
Module
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OTBEYAEM HA BOTMPOCbDI

- End-to-end memory networks (Sukhbaatar et al. 2015):
HenpepbiBHAA BEPCUA C HECKOMbKUMM Waramu BbIYNCIEHUA Ha
KaXXablW BbIXOA.

Weighted Sum A _ u &
r Al e
Embedding C o
e £
Sentences Py E
— E 00
/4

Sentences

Embedding A

Inner Product

u
Embedding B

Question

(a) q

Question g H

(b)

e
:
nduy
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OTBEYAEM HA BOTMPOCbDI

- [IofKHO NpyMepHO Tak paboTaThb:

softmax: predict answer

//' mi mz m3
ma3

i—E—i

John moved to the bedroom. [ | 00 00 00
Mary grabbed the football there. [ | 08 02 01
Sandra journeyed to the bedroom.”* 1 00 00 00
Sandra went back to the hallway. P oo 00 0o
Mary moved to the garden. | 0.1 06 02

Mary journeyed to the office. M o1 02 07

T F-s F'N
Where is the football? ==l
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OTBEYAEM HA BOTMPOCbDI

- Boobuie naesa Toro, YtTobbl 06yYaTh YNpaBnsatoLWne anropuTmbl,
MOXXeT NOUTN Aaneko.

- Neural Turing Machines (Graves et al,, 2014):

External Input External Output

Controller ‘

A7 N
Read Heads | [ Write Heads
Memory

- YuTatoT U3 NamaTy C BeCamMy BPOAE BHUMAHUS, CTMPAtOT NamMaTb,
MULLYT B HEE.
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OTBEYAEM HA BOTMPOCbDI

- Beca nonyyarTcd mexaHU3MoM agpecaumn:

Previous
State

—_ = Content

k; Addressing | W;‘

|
35t|4> w Interpolation [ . ~
l g Convolutional [W+
4pur Shift
e Sharpening Wy
L ]

- MOXHO 06yuaTb ¢ nogkpennexHuem (Zaremba, Sutskever, 2015):

Output? Jn;moryﬁﬂ Output® |Memory «[+] Output® |Memory x| [output |Memory «+(J| [output Memory *+{]
! N}
ey ¢ o “ ., o
i 3 I 1 J 2 I
ey LB, sl bl b
idden stais T
f ] i f ] f ] { ]
[Memory[ |[Input @97 | [Memory «( | Input 4Br | Memory »«{][Input 490 [Memory «@+ | Input 490| Memory f+|[Input 490]
t t t t ts

Time
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OTBEYAEM HA BOTMPOCbDI

- EcTb v Apyrue paclwinpeHuns.

- MoKa He A0 KOHLA NOHATHO, KaK CBA3aTb memory networks ¢
6a3amMun 3HaHWN, COBCTBEHHO.

- Brniepean MHOro MHTEPECHOro. Hanpumep...

I



YyTO? FAE? KOrAA?

- «YT10? Tpe? Korga?» nHorga BblrnsaauT Tak...

Y




YyTO? FAE? KOrAA?

+ ..HO 06bIYHO NMPUMEPHO Tak:




YyTO? FAE? KOrAA?

- KomaHfbl U3 < 6 UTPOKOB OTBEYatoT Ha BOMPOCHI.
- db.chgk.info - 6a3a okono 300K BONpoCoB.

- HekoTopble 13 «CBOEW UrpbI», B KOTOPOW BOMNPOCHI 06bIYHO
ropasfo uHTepecHee Jeopardy:

- JToeomurbl
EFO norotun — coueTaHue pyH «bepkaHa» v «xarnas,
MHULMAN0B KOHYHTa Xapanbaa.

- CokpaweHus
YunTbieas EFO 60nbluyto ponb B CO3AAHNUN MEPBbIX TAHKOB, 3TH
TaHKW 4acTo WYTIMBO UMEHOBAaNN BaTepKNO3eTamu.

- Jlowaodu
EFO nonbITKa NpuyaapuTb 3a ranucuincknmm Koobinnmuamm
OKOHYMNACh NeYyanbHbIM 06Pa30M.
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YyTO? FAE? KOrAA?

- A 6ONbWWHCTBO — BONpPOCHI «4T0? THe? Korga?», ellé CnoxHee:

+ OfHaxabl Prnyapa QeHMaH 06bACHAN CBOeN AeByLike, noyemy [JekapT
rOBOPUA MYNOCTY, KOrAa A0Ka3biBan CyllecTBoBaHme bora. He xenas
BBA3bIBATHCA B CMOP, [4EBYLIKA CKA3ana, YTo Ha Noboi npeameT, BUAUMO,
MOXHO MOCMOTPETb C Pa3HbiX CTOPOH. OTBETLTE ABYMA CIOBAMU: UTO
caenan MenHMaH B OTBET Ha 3707

BTopas cooTBeTcTBOBANa 60roXynbCTBY, TPETbA — NOALENKE JeHer 1w
[IOKYMEHTOB, YeTBEPTas — MbAHCTBY. A YUeMy COOTBETCTBOBANa nepsas?

Ha camom fiene yexocnoalkas nuHenka AyANOTeXHUKU 1
PaAMOKOMMNOHEHTOB NoMy4nna Ha3eaHne NOTOMY, UTO 3TO cnaboTouvHas
TexHWKa. HanuwmnTe 3To0 Ha3BaHue.

OfHa 13 KOHCTPYKLUMIA MaTEMATUYECKOW NOTUKM pacCMaTprBaeT
6eCcCMepTHOTO areHTa, KOTOPbIN B KXAbI MOMEHT BPEMEHW AOMKEH NN60
COBEPLINUTbL AencTBue, NM60 POPManbHO AOKa3aTb, YTO OH COBEPLUUT 3TO
[leCTBME B OAMH U3 MNOCAEAyoLNX MOMEHTOB BpemMeHn. Ha3BaHue 3Tou
KOHCTPYKUMV COCTOUT U3 BYX CIOB, HAUMHAILMXCA HA OfHY U Ty XKe ByKBY.
HanuwwuTe 370 Ha3BaHue.

-+ OT/IMYHbIN 1 NOKA HepeanbHO COXHbIM gataceT. Korga? )

45



CMACUBO!

Cnacu6o 3a BHUMaHMeE!
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